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ABSTRACT OF DISSERTATION

NEUROPHYSIOLOGICAL AND PSYCHOLOGICAL CHARACTERISTICS OF
INDIVIDUALS WITH HISTORY OF LATERAL ANKLE SPRAIN
Lateral ankle sprain (LAS) is among the most common lower limb
musculoskeletal injuries impacting both the general and sport populations. Even more
problematic is that approximately 70% of individuals who sustain an LAS develop
residual deficits. Of that subgroup, roughly 40% develop chronic ankle instability (CAI).
Chronic ankle instability is a clinical diagnosis defined by the presence of ongoing
impairments following the initial LAS which may include perceived instability, pain,
mechanical instability, and episodes of giving way during physical activity. Not all who
sustain multiple ankle sprains or experience residual deficits fit the clinical diagnosis
criteria for CAI; yet may still experience impairments and functional limitations due to
their history of LAS. Furthermore, individuals with history of LAS consistently selfreport increased levels of injury-related fear, increased fear of reinjury, chronic bouts of
re-injury, and exhibit decreased function, all of which negatively impact health-related
quality of life (HRQL). Additionally, the presence of injury-related fear, as well as
having a history of ligamentous injury are known to induce neuroplastic cortical changes.
The neuroplastic changes associated with ligamentous injury combined with the presence
of injury-related fear may be responsible for creating competition within the neural
circuitry. This competition may potentially disrupt a person with history of LAS’s
situational awareness by occupying their attention with fear or anxiety, thus diverting
their attention from the task at hand. This disruption may impact the cognitive motor
planning necessary to regulate a desired neuromuscular response, potentially contributing
to a negative outcome like experiencing reinjury of the ankle joint. While an abundance
of research has been performed in the anterior cruciate ligament (ACL) community, it is
currently unknown whether injury-related fear is associated with maladaptive
neuroplastic adaptations in those with history of LAS. Additionally, it is unknown
whether these individuals exhibit altered neurophysiological responses as compared to
uninjured-matched controls due to the presence of injury-related fear. The purpose of this
dissertation was to further investigate the psychological and neurophysiological outcomes
in those with history of LAS. The purposes of these studies were to summarize the
patient-reported outcomes (PROs) utilized to quantify psychological health in those with
a history of LAS compared to uninjured-controls and examine the effect of ankle injury
on psychological health and to examine the presence of neurophysiological adaptations

following LAS and their relationship to neurocognitive performance and functional
outcomes. The results of these studies indicate that individuals with history of LAS have
increased levels of injury-related fear and decreased psychological health, as well as
neurophysiological adaptations that may be negatively impacting functional performance
outcomes, as compared to uninjured-matched controls. These results objectively elucidate
the presence of non-musculoskeletal impairments associated with LAS.
KEYWORDS: ankle instability, patient-reported outcomes, injury-related fear, clinicianoriented outcomes
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CHAPTER ONE:
Introduction

1

Background
Lateral ankle sprain (LAS) is among the most common lower limb
musculoskeletal injuries impacting both the general and sport populations.[1] Due to the
high prevalence of emergency department visits associated with sustaining a LAS, it is an
economic burden to treat these injuries.[2] Even more problematic is that approximately
70% of individuals who sustain an LAS develop residual deficits[1] and of that subgroup,
roughly 40% develop chronic ankle instability (CAI).[3] Chronic ankle instability is a
clinical diagnosis defined by the presence of ongoing impairments following the initial
LAS which may include perceived instability, pain, mechanical instability, and episodes
of giving way during physical activity.[4] Not all who sustain multiple ankle sprains or
experience residual deficits fit the clinical diagnosis criteria for CAI as outlined by the
International Ankle Consortium guidelines[5]; yet may still experience impairments and
functional limitations due to their history of LAS. Common physical impairments and
functional limitations include, but are not limited to, impaired proprioception, impaired
neuromuscular control, arthrokinematic changes, joint laxity, and decreased static and
dynamic postural control [6-8], which may impact one’s participation and physical activity
levels.[9, 10]
In addition to physical impairments, individuals with history of LAS self-report
psychological impairments that impact their health-related quality of life (HRQL).[11, 12]
Health-related quality of life is a multifaceted concept that refers to several health
domains including physical, psychological, and social domains, which are impacted by
individual experiences, expectations, and perceptions.[13] Globally, HRQL can be viewed
as an individual’s general sense of well-being and overall satisfaction with life.[13] The
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most commonly utilized method to assess these subjective constructs is with patientreported outcome measures (PROs).[14]
Patient-reported outcome measures are patient-based assessments that provide a
quantifiable measurement of subjective information pertaining to global, regional, and
psychological function.[15] Global PROs do not pertain to a specific body region, but
instead are designed to assess a patient’s overall health.[16] Regional PROs are specific to
a body region or joint, in this case, the ankle, while psychological PROs aim to capture
aspects of a patient’s mental and/or social function.[16] The incorporation of PROs in
conjunction with performance of functional outcomes allow rehabilitation specialists to
track patient progress throughout the rehabilitation process while simultaneously
incorporating patient perspectives and values.
Commonly utilized global PROs to evaluate HRQL and ankle-related function in
the ankle sprain population include questionnaires such as the modified Disablement in
the Physically Active scale (mDPA)[17], the Medical Outcomes Study Short Form-36 (SF36)[18], and the Patient-Reported Outcomes Measurement Information System
(PROMIS)[19]. Commonly utilized regional PROs to evaluate HRQL and ankle-related
function include the Foot and Ankle Disability Index (FADI) [20], the Foot and Ankle
Ability Measure (FAAM)[21], the Ankle Joint Functional Assessment Tool (AJFAT) [22],
and the Cumberland Ankle Instability Tool (CAIT)[23]. Psychological PROs most
commonly utilized in musculoskeletal literature to examine injury-related fear are the
Fear Avoidance Beliefs Questionnaire (FABQ) [24] and the Tampa Scale of
Kinesiophobia (TSK) [25, 26]. Both these tools evaluate patients’ beliefs regarding how
physical activity and work may affect their pain and ability to return to sport
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participation. All forms of PROs are crucial to consider when determining one’s recovery
trajectory.
Clinician administered functional outcome measures are used in conjunction with
PROs to better assess and determine a patient’s readiness and ability to participate in
desired physical activity.[27] Commonly used functional outcome measures for patients
with lower extremity injury, such as history of LAS, include the star excursion balance
test (SEBT) to assess dynamic postural control[7], the weight-bearing lunge test (WBLT)
to assess closed-chain talocrural joint range of motion[28], and a combination of functional
performance tests that are comprised of short bouts of unilateral hopping tasks for either
speed or distance achieved. [29] It has been demonstrated that the presence of physical
impairments associates with a patient’s perception of function and their overall HRQL.[27]
Individuals with history of LAS report decreased HRQL. [11, 12, 30] This is
important to consider as decreased HRQL may be further exacerbated by one’s fear of
reinjury as well as their decreased participation in physical activity.[31] The presence of
injury-related fear is one of the most commonly examined psychological constructs in
musculoskeletal research following an injurious event. Injury-related fear is a form of
learned fear, which includes fear-avoidance beliefs, where the individual experiences
kinesiophobia, the fear of movement, fear of reinjury, reinjury anxiety, or a combination
of these qualities.[32] Previous literature reports that individuals with history of LAS not
only exhibit decreased function and decreased HRQL, but also demonstrate increased
levels of self-reported injury-related fear.[30, 33-35] It has been suggested that individuals
who develop fear-avoidance beliefs may also be more susceptible to lower global and
regional PRO scores, poorer functional outcomes, and decreased physical activity levels
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as compared to those who do not develop fear-avoidance beliefs.[36-39] Furthermore, the
presence of fear-related emotions (i.e., injury-related fear, as well as anxiety), may
impact an individuals’ emotion regulation capabilities.[40]
Emotion regulation (ER) refers to regulatory processes that impact how well an
individual can respond to an emotional event and control the physiological and
behavioral aspects of our responses. [41] Effective ER is essential for overall mental and
physical well-being. [41] History of musculoskeletal illness and pain associated with injury
innately lead to negative emotions [42], that if left unaddressed and unregulated, increase
the risk for disability, re-injury, and persistent emotional distress. [43, 44] The presence of
stress and anxiety following an injury significantly hinder complete recovery. [45] The use
of clinical measures, such as heart rate variability (HRV) and self-reported physical and
psychological function, may be worthwhile tools to better evaluate ER secondary to
musculoskeletal injury.
In addition to the abovementioned deficits, patients with musculoskeletal
ligamentous injury also exhibit neural adaptations in response to their injury.[46]
Regarding neuroplastic alterations following musculoskeletal injury, the majority of the
literature has been conducted in the anterior cruciate ligament (ACL) injured patient
population; however, the link between ligamentous damage and neuroplasticity is present
regardless of joint.[47-50] Previous literature has correlated having a history of LAS with
neuroplastic changes of the somatosensory and motor areas of the cortex.[46, 51] Needle et
al.[52] evaluated cortical activation of the somatosensory cortex in those with functionally
unstable ankles through the use of electroencephalography (EEG). Upon passive loading
to the ankle joint complex, EEG results suggested that in those with functionally unstable
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ankles, the cortex was unable to discriminate between higher levels of load applied to the
ankle ligaments in comparison to healthy controls with stable ankle joint complexes. [52]
Rosen et al. [51] evaluated alterations in cortical activation via EEG among individuals
with CAI during single-limb postural control tasks. In comparison to healthy controls,
those with CAI exhibited altered cortical activation, specifically in the supplemental
motor area, potentially providing evidence for the presence of altered neural mechanisms
of postural control in this patient population.[51]
To further compound the neuroplastic alterations associated with ligamentous
injury, the presence of injury-related fear not only impacts HRQL, but also impacts
neurocognitive processing.[53] The amygdala, a critical component of the emotional
regulatory system, not only mediates unconscious sympathetic physiological responses,
but also plays a role in the conscious perception of fear.[54] Furthermore, through the
amygdala’s association with the basal ganglia, it plays a pertinent role in movement
regulation and cognitive functioning.[54] Fear of reinjury can lead to neuromuscular
control deficits and reinjury due to emotional regulatory neural circuits in the brain
potentially demanding greater cognitive processing to manage attention.[53, 55]
The Problem and Significance
Individuals with history of LAS are consistently self-reporting increased levels of
injury-related fear [30, 33], increased fear of reinjury[34, 35, 56], chronic bouts of re-injury[4],
and exhibit decreased function[31, 57], all of which negatively impact HRQL[27].
Additionally, the presence of injury-related fear, as well as having a history of
ligamentous injury, like LAS, are known to induce neuroplastic cortical changes. The
neuroplastic changes associated with ligamentous injury combined with the presence of
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injury-related fear, which may be impacting one’s ER capabilities, may be responsible for
creating competition within the neural circuitry.[53] This competition may potentially
disrupt a person with history of LAS situational awareness by occupying their attention
with fear or anxiety, thus diverting their attention from the task at hand.[54, 58, 59] This
disruption may impact the cognitive motor planning necessary to regulate a desired
neuromuscular response, potentially contributing to a negative outcome like experiencing
an episode of ‘giving way’ or reinjury of the ankle joint.
Currently, it is unknown whether injury-related fear is associated with
maladaptive neuroplastic adaptations in those with history of LAS. Despite individuals
self-reporting the perception of injury-related fear with PROs, it is unknown whether
these individuals exhibit neurophysiological responses associated with fear (i.e., lower
heart rate variability). Furthermore, it is unknown whether there is a relationship between
self-reported PROs, clinical functional outcomes, and neurophysiological measures in
those with history of LAS. Therefore, it is crucial to examine the neurophysiological
constructs associated with emotion regulation on both patient-reported and clinicianbased health outcomes in the LAS injury population. Rehabilitation specialists and
researchers must be better equipped to recognize the presence of and address the
underlying psychological impairments associated with history of LAS that may impede
physical activity performance and engagement which negatively impact one’s HRQL.
Purpose: Experimental Aims and Hypotheses
The overarching goal of our research is to enhance HRQL and to promote
physical activity participation by mitigating the negative consequences associated with
musculoskeletal injury. To accomplish this goal, we must better understand not only the
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physical impairments associated with LAS, but also the psychological impairments.
There are three purposes of this dissertation. The first purpose was to better classify
impairments associated with LAS and determine which PROs are most commonly
utilized in the literature to quantify psychological health across the spectrum of those
with a history of LAS. The second purpose was to explore cortical changes following
ankle sprain injury by examining the relationship between sensorimotor network
functional connectivity and static postural control in individuals with history of LAS. The
third purpose was to examine whether differences in neurophysiological measures of ER
exist between individuals with history of LAS and uninjured controls and to further
explore the relationship between heart rate variability and lower extremity visuomotor
reaction time in individuals with history of LAS. Our central hypothesis was that
individuals who self-report poorer ER would demonstrate lower heart rate variability and
slower lower extremity VMRT. This research will aid clinicians and researchers alike by
advancing our understanding of not only the presence, but also the impact, that
biopsychosocial and neurophysiological impairments may have regarding effective
rehabilitation strategies tailored to those with history of LAS. To test out central
hypothesis, these studies were designed to address the following aims:
1. To examine patient-reported outcomes associated with psychological
impairment in individuals with history of LAS.
2. To examine the presence of cortical changes and their relationship to
functional outcomes in individuals with history of LAS.
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3. To explore the difference in self-reported emotion regulation during a visually
based picture imagination task (PIT) between individuals with history of LAS
compared to uninjured-matched controls.
4. To explore the difference in HRV during a visually-based picture imagination
task between individuals with history of LAS compared to uninjured-matched
controls.
5. To determine the relationship between HRV, self-reported ankle function, and
lower extremity visuomotor reaction time in individuals with history of LAS.
Operational Definitions
Throughout this dissertation, the following terms will be used, and this is their
intended meaning:
1. Electrocardiogram (ECG): a test that measures the electrical activity of the
heart
2. Emotion Regulation (ER): term used to describe a person’s ability to
effectively manage and respond to an emotional experience/stimulus.
3. Fear-Avoidance Beliefs: Fear of pain and/or reinjury that leads one to avoid
activities/situations due to the belief that it could lead to pain and/or reinjury.
4. Health-Related Quality of Life (HRQL): A multidimensional patientcentered concept of health that incorporates the patient’s personal, societal,
and spiritual beliefs, values, and preferences.
5. Injury-related fear: A form of learned fear that includes fear-avoidance
beliefs, where the individual experiences a fear of movement, known as
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kinesiophobia, fear of reinjury, reinjury anxiety, or a combination of the
aforementioned qualities.
6. Lateral Ankle Sprain (LAS): An injury to the ankle joint complex that is
often the result of a forced plantarflexion/inversion movement in which the
complex of ligaments on the lateral aspect of the ankle are torn/sprain by
varying degrees.
7. Neurocognitive: Relating to the neural processes and structures involved in
cognition.
8. Neurophysiological: Pertaining to the physiology of the nervous system.
9. Neuroplasticity: The ability of the brain to form and reorganize synaptic
connections in response to learning or context-dependent situations.
10. Patient-Reported Outcomes (PROs): Patient-based assessments that provide
a quantifiable measurement of subjective information pertaining to global,
regional, and psychological function.
11. Psychosocial: Relating to the interrelation of social factors (i.e., social
support) and psychological factors (i.e., individual thought and behavior),
specifically following musculoskeletal injury.
12. Sensorimotor function: The process of sensory information (i.e., afferent)
being transmitted to the central nervous system and the processing of this
sensory information results in a motor (I.e., efferent) output.
13. Visuomotor Reaction Time (VMRT): Measures the ability and effectiveness
of an individual to respond to both central and peripheral stimuli during a
specific task.
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Assumptions
The primary assumptions for the dissertation are as followed:
Chapter 3:
1. Participants answered PROs honestly and to the best of their abilities.
2. Participants were not claustrophobic while completing the fMRI scan.
3. Participants completed functional testing to the best of their abilities.
Chapter 4:
1. Participants were cleared to return to preinjury levels of sports participation.
2. Participants answered PROs and health history questionnaire honestly and to
the best of their abilities.
3. Participants had no contraindications for participating in electrocardiogram
(ECG) testing.
4. Participants completed the picture imagination task (PIT) appropriately while
completing the ECG data acquisition.
Chapter 5:
1. Participants were cleared to return to preinjury levels of sports participation.
2. Participants answered PROs and health history questionnaire honestly and to
the best of their abilities.
3. Participants completed reaction time testing to the best of their abilities.
Delimitations
The delimitations of this dissertation are as followed:
Chapter 3:
1. Participants were males and females between the ages of 60-75.
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2. Participants had not sustained a LAS within 12-months prior to testing.
3. Participants had no other ligamentous damage or fracture at the time of their
initial LAS.
4. Participants with history of one or greater than one LAS across life span were
included.
5. Participants had no history of lower extremity surgery or other injury.
Chapter 4 and Chapter 5:
1. Participants were female, between the ages of 18-35.
2. Participants were at least 6-months post-LAS.
3. Participants had no other ligamentous damage or fracture at the time of their
initial LAS.
4. Participants with history of one or greater than one LAS across life span were
included.
5. Participants had no history of lower extremity surgery or injury within the past
3 months.
6. Participants did not have any neurological or cardiovascular conditions
affecting their functional performance or participation.
7. Participants were not prescribed or actively taking medications that may alter
cardiovascular or nervous system functioning.
Limitations
Chapter 3:
1. Participants self-reported their injury history to the investigators, but did not
include time of initial LAS, severity, or rehabilitation participation.

12

2. Documentation of occupation or sport participation across the lifespan of
participants did not occur.
3. Cross-sectional study design limits ability to draw causal conclusions.
Chapter 4:
1. Participants may have had increased activation in their emotional regulation
centers as a result of anxiety from being fitting with ECG testing equipment.
2. Some of the PROs used in this study have not been validated for the LAS
population.
3. Participants were only female, and the results may not be generalizable for all
LAS patients.
4. The investigator completing outcome assessments was not blinded to group
membership.
Chapter 5:
1. Some of the PROs used in this study have not been validated for the LAS
population.
2. Participants self-reported injury history to the investigators.
3. Participants were only female, and the results may not be generalizable for all
LAS patients.

Copyright © Katherine Ann Bain 2021
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CHAPTER TWO:
Literature Review
Part I: Regional Interdependence: A Multi-Modal Approach for Chronic Ankle Instability
Examination
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Background and Purpose
Ankle sprains are the most common musculoskeletal injury sustained in physical
activity, with many individuals sustaining re-injury and residual impairments, referred to
as chronic ankle instability (CAI).[1] A likely contribution to CAI is insufficient
comprehensive rehabilitation following an acute ankle injury. [1, 2] Conservative
management options of CAI often follow the biomedical model approach during
examination and treatment, focusing solely on the site of injury. The biomedical model
states that “the symptoms a person experiences are directly related to a biological
pathology”; therefore, once acute ligamentous damage associated with an ankle sprain is
resolved, improvement should occur. [3, 4] However, this may not be the case with CAI,
which develops from an acute incident and results in long-standing impairments and high
rates of re-injury. This reinforces the belief that the biomedical model does not appear to
be an ideal model for managing certain musculoskeletal disorders, like CAI. [3, 5]
An alternative approach that may provide a more global, holistic synopsis of a
patient is the Regional Interdependence (RI) model. This concept is built upon the idea
that impairments present in proximal and/or distal segments may contribute to a patient’s
primary complaint or diagnosis, reinforcing the concept that regions apart from the local
joint and surrounding musculature need to be considered in the examination and
management of musculoskeletal injuries. [6] For example, previous studies have shown
patients with hip and knee pain benefit from lumbar spine targeted therapies. [7] Similarly,
patients complaining of neck and shoulder impingement benefit from treatment of the
thoracic spine and ribs. [7-15] Despite this evidence supporting the RI examination model
in clinical practice for common musculoskeletal injuries, we are unaware of research that
has considered the RI model’s application to patients with ankle sprain pathology.
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Given the fact that ankle sprains are the most common musculoskeletal injury,
resulting in more than 3 million emergency room visits in the United States annually[16],
and that 32 to 74% of these individuals go on to develop CAI [1], alternative examination
approaches to better understand and treat these individuals is warranted. Current literature
has illustrated that those with CAI present with decreased health-related quality of life
and decreased levels of physical activity. [17-21] Due to the heterogeneity of impairments
associated with CAI, it is critical to execute a broad examination approach, as expressed
by the RI model, to enhance the impact of treating clinicians. Thus, the purpose of this
clinical commentary is to urge both clinicians and researchers to consider the principles
of the RI model in supporting the need to examine and consider body regions and
systems proximal and distal to the ankle when performing an evaluation, constructing a
rehabilitation plan of care, and constructing a research design. This novel approach is an
evidence-informed directive, illuminating the idea that CAI is not isolated to the ankle,
but it affects aspects of the patient beyond their ankle.
Biomedical Model: Not the Best Option for CAI
The biomedical model was developed in the mid-19th century and has dominated
health care as the prevailing model utilized by physicians in diagnosing diseases and
providing extensive progress in reduction, and in some cases, eradication of infectious
diseases. [22] While this methodology is applicable to various forms of contagious disease
and some operative diagnoses, the traditional biomedical model does not account for the
multi-factorial examination and treatment approach that is necessary when addressing
CAI. Instead, it is a conceptual model of illness that includes only biologic factors, while
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excluding psychological and social factors, to understand and cure an individual’s
medical disorder. [5]
Due to these defining characteristics, the biomedical model is likely ill-equipped
to explain many forms of musculoskeletal disorders due to the three assumptions
associated with the model: (1) that all forms of illness have a single underlying cause, (2)
the pathology is always the singular cause, and (3) that attenuation of the pathology or
disease will return the individual to their pre-injury health. [5] Therefore, the biomedical
model is not well suited to examine other potential bodily influences, environmental,
social, and/or psychological factors that play a pertinent role in evaluation and recovery
of CAI. [23]
Regional Interdependence: The Better Option For CAI
The underlying premise of the RI model is that seemingly unrelated impairments
in remote regions of the body may be associated with and potentially contribute to the
patient’s primary complaint. [24] The RI model for examination and management provides
a global, patient-centered approach to dissecting and addressing the singular problem or
pathology. [23] The fact that relevant contributors to musculoskeletal disorders may not be
as straightforward as they appear underscores the need for a more global, holistic
examination.
As shown in Figure 2i.1, the RI model considers the integration of multiple
domains as they relate to an injury, including musculoskeletal, biopsychosocial,
neurophysiological, and somatovisceral systems. The concept of RI is strengthened in
studies demonstrating that interventions applied to one anatomical region can influence
another region of the body. [24] Additionally, as mentioned in the above section, one of
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the biomedical model’s defining characteristics is that the attenuation of a pathology (i.e.
a lateral ankle sprain), should result in full recovery. However, this is not the case for all
musculoskeletal injuries considering at least one-third of all individuals who sustain a
lateral ankle sprain develop CAI. [1]
Mechanisms of multiple systems underlie and contribute to the condition of CAI,
which is associated with recurrent ankle sprains, repeated episodes of giving way,
functional performance deficits, decreased physical activity, and the early onset of posttraumatic ankle osteoarthritis. [21, 24, 25] Therefore, in the subsequent sections, we discuss
the evidence supporting the need to incorporate an RI-based examination considering
individuals with CAI exhibit impairments within each of the following domains. By
bringing awareness to impairments that exist outside the general vicinity of the ankle
joint, clinicians and researchers will be more compelled to examine joints both proximal
and distal to the ankle, perform a more thorough neurophysiological assessment, and
incorporate self-reported outcome measures to better quantify a patient’s symptomology
and health-related quality of life, all progressing and improving the current treatment of
CAI.
Musculoskeletal Impairments in CAI
This domain is most obviously associated with CAI as the diagnosis evolves from
a history of lateral ankle sprain that introduces pain, swelling, and reduced structural
integrity of the lateral ligamentous complex. [21] While CAI can be considered a
heterogeneous condition, musculoskeletal hallmarks of CAI can include ligamentous
laxity, decreased ankle dorsiflexion range of motion, mechanical joint restrictions, foot
intrinsic muscular weakness and degenerative cartilaginous changes. [1, 26-29] Ultimately,
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these impairments further contribute to physical inactivity, which is a leading risk factor
for mortality. [30] Additionally, while these impairments are local to the ankle complex,
their presence can affect the entire lower extremity kinetic chain. For example, patients
with CAI have been shown to demonstrate reduced knee joint angle upon performance of
landing tasks[20, 31], and decreased hip and knee strength[19, 32].
Local tissue and/or joint dysfunction throughout the lower extremity have the
potential to result in global, multi-joint deficits that affect a patient’s clinical presentation.
For example, diminished foot intrinsic muscular volume and strength lead to non-optimal
foot posture and increased lumbosacral pain. [7, 29, 33, 34] Menz et al. [35] found a positive
correlation between pes planus foot posture and low back pain. Idiopathic knee pain can
be correlated to deficits in hip strength, as well as abnormal hip mechanics. [34, 35]
Additionally, a recent systematic review suggests that poor hip muscular performance
may be the result of a lower extremity injury, rather than a contributor to the injury. [36]
Multi-joint lower extremity connections are crucial to acknowledge when examining an
individual with CAI considering these individuals tend to exhibit similar impairments,
such as decreased foot intrinsic muscular strength and a less than optimal foot posture. [29]
The presence of these impairments may also amplify their risk of sustaining recurrent
ankle sprains and the development of early onset post-traumatic ankle osteoarthritis.
Furthermore, because CAI is associated with hip and knee strength deficits and decreased
balance, [19, 20, 31, 32]clinicians should incorporate the RI model and further evaluate
surrounding joints and musculature. In doing so, clinicians and researchers will be better
equipped to formulate a more comprehensive plan of care to mitigate long-lasting
impairments commonly associated with CAI.
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Biopsychosocial Impairments in CAI
The biopsychosocial domain conceptualizes the role of both psychological and
social factors in coping with CAI. An individual with CAI is more prone to sustain
recurrent sprains and experience lingering instability without an appreciation of lasting
consequences. [37] These individuals can be incorrectly stereotyped and as a result are
being rushed to return to full activity sooner than they should or simply do not seek
necessary care to address their injury. [38-40]
A recent study by McKeon et al [41] showed the majority of people who sustained
an ankle sprain returned to their normal activity within 72 hours or never lost any time,
suggesting there is often little to no post-acute treatment sought and/or provided to
manage ankle injury related deficiencies. This provides valuable insight as to why at least
one third of individuals who sustain a lateral ankle sprain develop CAI. [40, 42-44] Related
to the insufficient follow-up care is a lack of social support, poor coping strategies, and
decreased patient resilience, all of which negatively impact the patient’s treatment
outcome. [45, 46]
In comparison to a healthy population, individuals with CAI report decreased
health-related quality of life, as demonstrated via ankle-specific patient-reported outcome
measures. [18, 47] Patients self-report decreased physical function due to the
musculoskeletal impairments described in the aforementioned domain. An additional
domain within quality of life is kinesiophobia, in which the affected person exhibits
voluntary guarding and inhibition of movement typically due to fear of reinjury. [46, 48]
Decreased health-related quality of life scores in those with CAI could potentially be the
result of these individuals feeling stigmatized by the general population who do not have
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the condition, unable to appreciate the lasting deficits associated with the pathology.
Coping with stigma involves a variety of strategies, but without identifying stigmatization
as a lingering issue, the health care provider is unable to properly address the patient’s
underlying concerns. [49]
By incorporating the RI model during examination, the treating clinician will be
reminded to tease out enduring biopsychosocial variables, such as stigmatization or
kinesiophobia that may be the culprit for decreased health-related quality of life scores.
Additionally, by utilizing the RI model and acknowledging the biopsychosocial domain,
the patient can be provided with appropriate outcome measures to better quantify their
thoughts and feelings throughout their treatment process. Most importantly, instead of
focusing solely on the affected ankle joint, the clinician can gain rapport and foster a
personal connection with the patient by inquiring about their social well-being, general
quality of life, and the presence of a support system, which are all important factors
associated with improving one’s rehabilitation outcomes. [45, 46]
Neurophysiological Impairments in CAI
Neurophysiological considerations in those with CAI include diminished
kinesthesia, ankle joint position sense, and proprioception. [50-52] One theorized
mechanism for these outcomes is the damage to the mechanoreceptors in the lateral
ligamentous complex from the injurious incident coupled with articular deafferentation
following injury. [48, 53] More recently, researchers have been able to demonstrate cortical
and peripheral neurological changes in those with CAI through assessments of the
corticospinal and spinal reflex pathways using techniques such as transcranial magnetic
stimulation (TMS), Hoffman-reflex testing, and nerve conduction velocity testing.[27, 50,
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54-59]

These testing methods have suggested decreased nerve conduction velocity,

dampened corticospinal pathways, and maladaptive cortical changes present in those with
ankle injury history. [27, 54-61]
These abovementioned system-wide adjustments likely contribute to diminished
neuromuscular control that negatively impacts joints both distal and proximal to the
original site of injury. [48, 62] This characteristic demonstrates why it is so imperative to
utilize the RI model. These neurophysiological impairments are likely contributors to the
observable and measurable musculoskeletal impairments, such as decreased ankle and
knee range of motion and decreased hip strength. Often, a thorough neurological
assessment of a patient with an acute ankle sprain is not performed at the time of initial
evaluation, subsequently leading to inadvertent ignorance of primary impairments that
need to be addressed to gain full recovery. In order to provide the best plan of care
available to an individual with CAI, their strength, sensation, reflexes, and proprioceptive
abilities must be assessed in conjunction to a standard musculoskeletal evaluation. If
these elements are not included in the examination, then the patient is not being provided
with the best possible care if this important domain of the treatment is omitted.
Somatovisceral Impairments in CAI
Somatovisceral impairments pertain to structures that are to be screened during
the initial evaluation as a potential contributor to a patient’s symptoms, but may not be
directly associated with the initial ankle sprain or corresponding development of CAI. [24]
While this domain may appear less relevant than the former three regarding CAI, it is
imperative to assess other body systems to rule out non-ankle sprain related pathologies.
An individual with symptomology and complaints consistent with CAI need to be
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questioned regarding all pre-existing comorbidities, such as diabetic neuropathy, deep
vein thrombosis, and/or radicular symptoms originating from the L5 and S1 spinal
segments. These pathologies can create pain and swelling surrounding the ankle complex
and mimic neurological related symptoms, while affecting postural stability and
neuromuscular control. [24, 63]
Additional relevant ankle pathologies to rule out before addressing CAI-related
impairments include osteochondritis dissecans (OCD) of the talus, as well as the presence
of an anteriorly translated talus which would result in pain as the individual dorsiflexes
their ankle. While the origin of OCD is still unclear, it’s presence can lead to
osteoarthritis and create pain and range of motion restrictions, similar to that of CAI. [64,
65]

These potential co-morbidities further demonstrate the importance of utilizing the RI

examination model. By employing the RI model during the initial examination, it
prevents the treating clinician from overlooking secondary pathologies and/or
concomitant issues that might otherwise be neglected or forgotten.
Integration and Interaction of Systems and Impairments
While all domains of the RI examination model (see Figure 2i.1) and their
associated impairments (see Table 2i.1) were discussed independently, it is important to
note that the RI examination model involves integrated action of the domains listed,
resulting in system-specific interaction of impairments that can affect one another. For
example, the presence of talar OCD was described under the somatovisceral domain as a
co-pathology to consider when examining a patient with CAI. However, talar OCD also
falls within the musculoskeletal category, resulting in restricted dorsiflexion range of
motion.

23

If a patient is demonstrating decreased nerve conduction velocity and maladaptive
corticospinal tract changes, and nothing in their treatment plan is being tailored to address
these concerns, then they will most likely continue to exhibit diminished neuromuscular
control during functional tasks which will further expose them to injury risk. Moreover,
balance and postural control impairments may arise from neurophysiological and/or
musculoskeletal factors, which may limit an individual from participating in a
recreational activity they enjoy. Collectively, this negatively affects their biopsychosocial
domain if they are now unable to participate in their pre-injury activities, resulting in the
patient reporting decreased health-related quality of life.
The interactions of the domains in describing the underlying condition of CAI are
important to understand as improved management strategies are developed. For example,
when treating a musculoskeletal condition with a technique such as joint mobilization,
the clinician is simultaneously impacting both the musculoskeletal and neurological
systems, further intertwining the relationship of the domains. [27, 66, 67] The same could be
said regarding therapeutic exercise programs targeted at improving balance and muscular
strength and/or endurance.
Clinical Implications
An important consideration to make is that information gleaned from all studies
cited have been from retrospective designs, limiting the ability to verify whether or not
these impairments are a response to injury, or potentially a contributor to the injury
condition. While the purpose of this report was to illuminate how the RI model can be
utilized as an examination tool to better classify impairments associated with CAI, it can
easily be applied to other musculoskeletal pathologies, such as low back and neck pain,
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shoulder impingement dysfunction, and hip and knee pain. [5, 8-13, 15] The RI model creates
a framework to elucidate all potential causes of a patient’s presenting symptoms and
complaints, allowing the treating clinician to formulate a holistic, patient-specific plan of
care for success.
As CAI is considered to be a heterogeneous condition, there are many
opportunities to incorporate the RI model into a clinical evaluation to gain a more holistic
understanding of the patient. A simple technique to more thoroughly address and quantify
the biopsychosocial domain would be for the treating clinician to incorporate both
specific and global quality of life and functional outcome measures. To acknowledge
both the somatovisceral and neurophysiological domain, the treating clinician should
conduct a thorough interview during their initial visit with the patient to better rule in/out
ulterior pathologies that may not traditionally be considered when performing a standard
ankle evaluation. To further parse out neurophysiological contributors or lingering side
effects from injury, the clinician should conduct a neurological screening to assess motor
function, sensation, balance, and affected joint proprioception to gain a better
understanding of the patient’s current level of function and deficit. Finally, when treating
a patient with CAI, the treating clinician should not limit their musculoskeletal
examination to the ankle. Knowing that knee and hip kinematic and strength impairments
exist in this population[19, 68], it is critical to expand the assessment to include bilateral
ankle, knee, and hip joints, as well as the core, to gain a global appreciation of the
patient’s overall structure and function.
While CAI obviously is an impairment at the ankle joint, it plays a role in all four
domains included within the RI model. Understanding that this pathology has wide
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sweeping implications, it is crucial to examine these systems during evaluation to address
all aspects of the patient’s care. By conducting a more holistic, patient-centered
examination the treating clinician will gain positive rapport with the patient by
acknowledging all aspects of their health and well-being. Additionally, the clinician will
be better equipped to design a detailed rehabilitation plan of care that is specifically
tailored to address the patient’s individual needs to foster optimal recovery.

Copyright © Katherine Ann Bain 2021
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Table 2i.1 Regional Interdependence (RI) domains and their associated impairments as
relating to CAI.
Regional Interdependence
(RI) Domains
Musculoskeletal
Neurophysiological
Biopsychosocial
Somatovisceral

CAI Impairments
Increased joint laxity, decreased ROM, degenerative
cartilaginous changes, pain
Neuropathy, articular deafferentation, pain, decreased
proprioception and kinesthesia
Fear of reinjury, early RTP due to stigma of “just an
ankle sprain”, decreased QoL
Increased likelihood of co-pathologies – talar OCD,
presence of co-morbidities and/or referred pain from
spine (radiculopathy)
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Figure 2i.1 Demonstration of how the RI examination model relates to CAI through the
integration of the musculoskeletal, neurophysiological, biopsychosocial, and
somatovisceral domains.
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Part II: Psychological Impairments in Individuals with History of Ankle Sprain: A
Systematic Review
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Abstract
Introduction: Patient-reported outcomes (PROs) can be used to assess and
monitor psychological health following musculoskeletal injury. Studies have reported
decreased psychological health after lateral ankle sprain (LAS) using numerous PROs.
The purpose of this systematic review was to critically evaluate individual studies,
summarize PROs utilized to quantify psychological health, and examine the effect of
ankle injury on psychological health between groups (1 LAS, >1 LAS, and healthy
controls). Methods: Databases searched included: CINAHL, MEDLINE, SPORTDiscus,
APA, Psychinfo and PubMed Central. All case-control studies were critically appraised
using the modified Downs and Black. Effect sizes (ES) were calculated between the
groups (1 LAS, >1 LAS, healthy control) for each of the identified studies, for each
included PRO used to quantify psychological impairments. Results: Nine high quality
manuscripts were included. Overall, individuals with history of >1 LAS self-reported
greater psychological impairments compared to healthy controls (ES range= -0.37-12.16),
while those with 1 LAS had similar psychological health to healthy control groups (ES
range= -0.65-0.65). Conclusion: The main findings from this systematic review were
individuals with >1 LAS have increased levels of injury-related fear and decreased
psychological health compared to healthy controls. PROs can aid clinicians in identifying
psychological health concerns during rehabilitation.
Key Words: patient-reported outcomes, ankle sprain, psychological health,
psychosocial, CAI
Notes: The authors received no specific funding for this work, nor do they declare
and competing interests.
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Introduction
Annually, across the United States, an estimated 1 million people seek care from
the emergency department for lateral ankle sprains (LAS). [1] These injuries are costly [1,
2]

and highly prevalent, [3, 4] often leading to long-term, negative health consequences. In

fact, approximately 40% of individuals who sustain an LAS develop long-term
impairments and self-reported episodes of the ankle “giving way” during physical
activity, commonly referred to as chronic ankle instability (CAI) [5, 6]. The remaining
percentage of individuals are deemed “copers”, and recover from their singular incident
with no residual physical deficits [6]. A large focus of LAS research has been targeted
toward unearthing the mechanical and sensorimotor impairments and subsequent
functional limitations associated with the development of CAI. However, evidence
regarding an individuals’ psychological health post-injury has recently emerged as a
potentially important factor associated with this recovery trajectory. Currently,
psychological outcomes are being collected, but the depth and meaning of these findings
is not well understood, nor is the application or implementation of treatment interventions
to address psychological impairments. The information presented throughout this review
can aid practicing clinicians by providing an understanding of how to begin measuring
these constructs in daily practice.
The American Psychological Association defines psychological deficit as, “the
cognitive, behavioral, or emotional performance of any individual at a level that is
significantly below, or less than adept than, the norm”.[7] One of the most examined
psychological constructs in musculoskeletal research is injury-related fear, including fearavoidance beliefs. The Fear Avoidance Model (FAM) attempts to illustrate how those
who actively avoid participation in potentially injurious activities enter a cycle of pain,
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depression, and disability, ultimately having a negative effect on their health-related
quality of life and psychosocial health [8][9]. Understanding the frequency and magnitude
of psychological impairments, such as fear avoidance, may be an important component to
help mitigate the development of residual problems following ankle sprain.
Currently, the most common method utilized to assess these subjective constructs
are patient-reported outcome measures (PROs). [10] Patient reported outcome measures
are surveys in which the patient self-reports their level of health and/or function and then
their responses can be objectively scored [11]. Frequently utilized PROs to assess injuryrelated fear, specifically fear avoidance beliefs, include the Fear-Avoidance Beliefs
Questionnaire[9] and the Athlete Fear-Avoidance Beliefs Questionnaire (AFAQ)[12]. A
frequently utilized PRO to assess fear of movement and/or reinjury is the Tampa Scale of
Kinesiophobia (TSK)[13]. In addition to fear assessment, other psychological instruments
may be incorporated to evaluate an individual’s general psychosocial health, including
mental and social functioning [14]. The Medical Outcomes Study Short Form-36 (SF36)[15] is a popular PRO used to evaluate general health-related quality of life as it
measures eight scales of one’s functioning. Additionally, the SF-36 measures two distinct
concepts, the physical and mental dimension, represented by their individual summary
scores. Select questionnaires from the Patient-Reported Outcomes Measurement
Information System (PROMIS)[16], more specifically, the Mental Score (MS) and Quality
of Life (predicted EQ5-D) score are also indicative of one’s psychological functioning [17]
and have been utilized to examine general psychosocial health in people with a history of
ankle sprain [18, 19]. Therefore, several domains and PROs have been utilized throughout
the literature to examine psychological health in people with a history of ankle sprain.
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While current literature indicates that individuals with CAI report psychological
impairments and higher levels of kinesiophobia compared to their healthy counterparts
[20]

Houston, Van Lunen, and Hoch, 2014[21-23], there is limited information summarizing

the outcomes used to quantify psychological health across the spectrum of those with a
history of LAS. Houston, Hoch, and Hoch [22] conducted a systematic review regarding
the inclusion of PROs in individuals with CAI providing a foundation for understanding
the utilization of PROs in individuals with a history of LAS. However, since the time of
that systematic review the amount of evidence related to psychological health has become
more available and a more focused review examining psychosocial outcomes in these
populations is warranted. Therefore, the purpose of this review was to systematically
search the literature, critically evaluate individual studies, summarize the PROs utilized
to quantify psychological health in those with a history of LAS compared to healthy
controls, and examine the effect of ankle injury on psychological health. This is
important, as recent investigations have explored intervention strategies to address the
residual impairments often associated with LAS but have failed to incorporate
intervention strategies specifically targeted at potential psychological impairments. A
more thorough review of psychological impairments, and summarization of the PROs
used to quantify these impairments will provide the framework for the development of
intervention strategies to reduce injury-related levels of fear and improve psychological
health in this population.
Methods
This systematic review was performed using the updated Preferred Reporting
Items for Systematic Reviews and Meta-Analyses 2020 guidelines. [24]
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Literature Search Strategy
The primary investigator conducted a computerized search in November 2020 of
EBSCOHost (CINAHL, MEDLINE, SPORTDiscus, APA, Psychinfo) and PubMed
Central entries from their inception, to identify studies that reported psychological
outcomes in individuals with a history of LAS. Table 2ii.1 lists all terms used in our
search strategy. These terms were then combined using the Boolean operators “OR” and
“AND” to merge search terms. Additional articles were identified through a hand search
of the reference lists of included articles. All articles were limited to English and
duplicates were removed.
Selection Criteria
The authors reviewed articles identified during the systematic search for inclusion
in the review. The authors screened titles and abstracts to determine whether the study
met inclusion criteria for this review. If the primary author was unable to make a decision
on inclusion based on the title and abstract, the full text was screened. Full text articles
that met the inclusion criteria were reviewed independently by the primary author and a
second reviewer (J. M. H.). If disagreements occurred about study eligibility, a third
reviewer (M. C. H.) who was blinded to the decisions of the independent reviewers, made
the final decision for inclusion.
Inclusion Criteria
Studies were included in this systematic review if they met the following criteria:
1) Utilized a case-control study design; 2) Included a patient-reported outcome measure
that quantified psychological health (i.e. Fear-Avoidance Beliefs Questionnaire [FABQ],
Tampa Scale of Kinesiophobia [TSK-11 or 17], Athlete Fear Avoidance Belief
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Questionnaire [AFAQ], 36 Item Short Form Health Survey [SF-36], Patient-Reported
Outcomes Measurement Information System [PROMIS]); and 3) Had a defined ankle
injury group (e.g. CAI, FAI, coper, > 1 LAS) and a healthy group or group described as
history of no ankle pathology
Exclusion Criteria
Studies were excluded if they: 1) Did not evaluate psychological health with the
use of a patient-reported outcome measure or self-report survey; 2) Were designed to
measure the effectiveness of an intervention on impairments, limitations, and restrictions
associated with repetitive (chronic/functional) ankle sprain; 3) Were an editorial,
commentary, review article, case study, or randomized controlled trial; and 4) Were not
published in English
Methodological Quality Assessment
Methodological quality of the included studies was assessed using the Reduced
Downs and Black, an adapted 16-item version of the original Downs and Black Quality
Index tool [25], as described by Munn, Sullivan, and Schneiders. [26] In accordance to the
recommendations set by Munn, Sullivan, and Schneiders [26], studies were categorized as
high quality (≥75%), moderate quality (60-74.9%), or low quality (≤60%) based on their
risk of bias. Two investigators (K.B., J.M.H.) independently reviewed each study,
completed the Reduced Downs and Black tool, and came to an agreement on the quality
of each study. Study scores were derived by reviewers calculating the number of “yes”
responses and dividing by the total score of 16. Overall reviewer agreement was
determined by totaling the number of “like” responses for each item across all studies,
then dividing by the number of questions summed across all studies.
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Data Extraction and Study Characteristics
Upon completion of the literature search, the following characteristics were
extracted from each study (Table 2ii.2): subject demographics, definitions of specific
inclusion criteria, injury classification, specific outcome measures for each study, and
study design. All studies included individuals with a history of LAS that used at least one
PRO to assess psychological health. Articles were filtered into three categories based on
defined injury group and between group comparisons made in each study. The group
“history of >1 LAS” was used due to the variety of ways in which authors defined these
individuals including: chronic ankle instability (CAI) [18, 19, 23, 27, 28], functional ankle
instability (FAI) [29], functional instability (FI) [30], perceived instability with recurrent
ankle sprains (PI-RAS) [31], perceived instability (PI) [31], and recurrent ankle sprains
(RAS) [31, 32]. The group “history of single LAS” was used to encompass groups that
were defined throughout included studies as “copers” [18, 28, 31, 32] or no functional
instability (NFI) [30].
Statistical Analysis
Hedges’ g effect sizes and 95% confidence intervals were calculated for studies
reporting the appropriate measure of central tendency and variability. Effect sizes were
calculated for all comparisons, regardless of whether or not the effect sizes were reported
by the individual authors. A positive effect size indicated higher injury-related fear and
lower psychological health in those with a history of >1 LAS compared to healthy
controls or those with history of a single LAS. A positive effect size for the comparison
of those with a single LAS to healthy controls indicated higher injury-related fear and
lower psychological health in the group with a single LAS. Effects sizes were then
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interpreted by the following cut-offs: strong if ≥ 0.70; moderate if between 0.40 and
0.69; and weak if ≤ 0.39. [33]
Level of Evidence and Strength of Recommendation
The Strength of Recommendation Taxonomy [34], a tool used to grade patientcentered evidence in healthcare literature, was used to determine the level of evidence
and make the strength of recommendation [34]. One of the following recommendations
was made for each individual study: a recommendation of level 3 represents opinion,
consensus, or other evidence; level 2 represents limited-quality, patient-oriented
evidence; and level 1 represents good-quality, patient-oriented evidence. The SORT also
includes an overall strength of recommendation using the following grades: A grade of
“C” represents consensus, disease-oriented evidence; a grade of “B” represents
inconsistent or limited quality, patient-oriented evidence; and a grade of “A” represents
consistent, good-quality, patient-reported evidence [34].
Results
Literature Search Strategy
As depicted in Figure 2ii.1, the initial search resulted in 90 studies. Upon removal
of duplicates and further screening, 28 studies were excluded by title or abstract. Two
additional studies [27, 28] were identified through hand searching and included in the fulltext assessment. Of the 19 full-text articles that were assessed for eligibility, ten [35-41]
were deemed ineligible due to inappropriate study design or they did not utilize a PRO to
assess psychological health. Characteristics of the remaining 9 included studies [18, 19, 23,
27-32]

are summarized in Table 2ii.2.
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Outcome Measures
The primary focus of this systematic review was to summarize the PROs that
have assessed psychological health in individuals with a history of ankle sprain. Across
the 9 included studies, the following PRO instruments were utilized and reported in this
systematic review: 1) AFAQ [12]; 2) FABQ [9]; 3) PROMIS [42]; 4) SF-36 [15]; and 5) TSK
[13, 43]

. One study utilized the AFAQ [30], four studies utilized the FABQ [19, 23, 27, 32], two

studies utilized components of the PROMIS [18, 19], three utilized components of the SF36 [19, 29, 31], and six studies utilized a version of the TSK [18, 23, 27, 28, 30, 31].
Athlete Fear Avoidance Questionnaire (AFAQ)
The AFAQ [12] is a 10-item questionnaire that measures sport-injury-related fear
avoidance in athletes. The purpose of the AFAQ is to identify potential psychological
barriers to rehabilitation following a sport-related injury. All items are scored on a 5point Likert scale, where a score of 1 is defined as “Not at all” and a score of 5 indicates
“Completely agree”. While this PRO demonstrates strong correlations with other
measures, it is important to reiterate that the AFAQ was specifically designed to be
utilized in athletes who sustained an injury during sport and are participating in
rehabilitation to return to their prior level of sport participation. [12] Additional
psychometric and interpretation information can be found in Table 2ii.3.
Fear Avoidance Beliefs Questionnaire (FABQ)
The FABQ is a 16-item questionnaire, consisting of two subscales that measures
patients’ beliefs about how physical activity and work may affect their pain. All 16-items
are scored on a 6-point Likert scale where a higher score demonstrates greater fearavoidance beliefs. While this tool was originally developed for use in patients with
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chronic low-back pain [9], it has since been modified to assess several other patient
populations suffering from musculoskeletal injury [22, 23, 44]. Furthermore, to more
appropriately apply the FABQ to the ankle, an ankle-specific FABQ has been designed to
assess fear-avoidance beliefs in those with an ankle sprain history in which the word
“back” was altered to say “ankle” and question 8 from the original FABQ was omitted
[23]

. Additional psychometric and interpretation information can be found in Table 2ii.3.

Patient-Reported Outcomes Measurement Information System (PROMIS)
The PROMIS [42] is a system of precise and reliable patient-reported measures that
evaluates one’s global health, consisting of social, physical, mental, and emotional
domains in both adults and children. [17] The main profile domains comprising physical
health are fatigue, pain intensity, pain interference, physical function, and sleep
disturbance. The main profile domains comprising mental health are anxiety and
depression. Finally, the main profile domains comprising one’s social health is their
ability to participate in social roles and activities. For the purpose of this review, we were
most concerned with the aspect of the PROMIS that assessed psychological constructs:
the patient’s ability to participate in social roles and activities and the mental health
subscale, which encompasses emotional distress, cognitive function, and positive
psychological function. Additional psychometric and interpretation information can be
found in Table 2ii.3.
Medical Outcomes Study Short Form (SF-36)
The SF-36 [15] is a quality of life PRO consisting of eight scales: physical
functioning, role limitations due to physical problems, social functioning, bodily pain,
general mental health, role limitations due to emotional problems, vitality, and general
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health perceptions. These eight scales can be further divided into two sub-scales, generic
and psychological. The generic category is comprised of physical functioning, physical
role limitations, vitality, pain, and general health. The psychological category is
comprised of emotional role limitations, mental health, and social functioning. This
instrument is often scored using the scoring algorithms documented in the Manual and
Interpretation Guide, or available computer software. [45] Generally, once data are
entered, creators suggest recoding out-of-range items as missing, reverse score and /or
recalibrate score for 10 items, recode missing item responses with mean substitution,
compute raw scale scores, transform raw scale scores to 0-100 scale, then finally perform
scoring checks. Scores are reported on a scale of 0 to 100, with lower scores representing
worse outcomes and more disability [15, 46]. Additional psychometric and interpretation
information can be found in Table 2ii.3.
Tampa Scale of Kinesiophobia (TSK-11 or TSK-17)
The TSK [13, 43] was originally created to objectively measure a patient’s fear of
movement related to chronic lower back pain, but more recently it has been used to
measure kinesiophobia in different body parts. [47] The developers define kinesiophobia
as “an irrational, and debilitating fear of physical movement and activity resulting from a
feeling of vulnerability to painful injury or re-injury” [48] and has been linked to elements
of catastrophic thinking [49]. The scale is based on the model of fear avoidance, fear of
work-related activities, fear of movement and fear of re-injury. [8] Results consist of a raw
score and two subscale scores, Activity Avoidance and Somatic Focus. The Activity
Avoidance subscale reflects the belief that activity may result in (re)injury or increased
pain while the Somatic Function subscale reflects the belief in underlying and serious
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medical problems. The original version of the TSK, the TSK-17, has been modified and
shortened to produce the TSK-11. Both questionnaires are designed to assess fear of
movement or fear of reinjury with the use of a 4-point Likert scale, in which a higher
numerical value indicates an extreme fear of pain with movement. Additional
psychometric and interpretation information can be found in Table 2ii.3.
Methodologic Quality
The risk of bias assessment results for each study are presented in Table 2ii.4. The
two investigators (K.B., J.M.H.) initially agreed on 94.4% (136/144) of the items
assessed on the Reduced Downs and Black Quality Index. Disagreements in scoring were
resolved between the two reviewers without the inclusion of a third reviewer. The quality
scores of included studies ranged from 75.0% to 93.75% with nine all scoring as high
quality (≥75%).
Data Synthesis
Hedges g effect sizes and 95% confidence intervals were summarized based on
injury classification for each included study (Table 2ii.5).
History of More Than One Ankle Sprain Compared to Healthy Controls
Eight [18, 19, 23, 27, 29-32] articles compared psychological health in samples
categorized as >1 LAS (i.e., CAI, FAI, FI, PI-RAS, PI, RAS) to a healthy control group.
The mean risk of bias score for these articles was 86.7  4.0%, indicating high quality.
All eight articles provided sufficient data to calculate effect sizes (Table 2ii.5). Of the 31
comparisons made, 17-point estimates examined injury-related fear and 14-point
estimates examined psychosocial health.
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Of the 17 values calculated, 11 demonstrated a large effect (> 0.70), 2
demonstrated a moderate effect (0.40-0.69), and 4 demonstrated a weak effect (< 0.39).
Fifteen of the point estimates indicated that those with a history of >1 LAS self-reported
increased injury-related fear compared to healthy controls (Figure 2ii.2). Fukano, Mineta,
and Hirose [30] indicated that the healthy controls had more injury-related fear compared
to the > 1 LAS group for both the AFAQ Female FI and TSK-11 Male FI groups (Figure
2ii.2).
Of the 14 values that were calculated for psychological health, 1 demonstrated a
large effect (> 0.70), 5 demonstrated a moderate effect (0.40-0.69), and 8 demonstrated a
weak effect (< 0.39). All point estimates indicated that those with history of >1 LAS have
decreased psychosocial health compared to healthy controls (Figure 2ii.3). However,
these results must be interpreted with caution as the 95% confidence intervals for 11 of
the 14 effect sizes encompassed zero (Figure 2ii.3).
History of One Ankle Sprain Compared to Healthy Controls
Four studies [18, 30-32] systematically summarized PROs that quantified injuryrelated fear and general psychosocial health in those with a history of one LAS (i.e.,
copers, NFI) compared to healthy controls. The mean risk of bias score for these articles
was 87.5  5.1%, indicating high quality. All four articles provided sufficient data to
calculate effect sizes. Table 2ii.5 summarizes effect sizes and 95% confidence intervals
for the comparison of those with history of one LAS to healthy controls. Of the 10
comparisons, 7-point estimates examined injury-related fear and 3-point estimates
examined psychosocial health.
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Of the 7 values that were calculated for injury-related fear, 4 demonstrated a
moderate effect (0.40-0.69) and 3 demonstrated a weak effect (< 0.39) in which six of the
effect size confidence intervals encompassed zero (Figure 2ii.4). Those with a history of
1 LAS in Houston, Hoch, and Hoch [32], Terada et al. [31], and Fukano, Mineta, and
Hirose’s [30] Female NFI group had higher self-reported injury-related fear compared to
healthy controls, whereas Fraser et al. [18] and Fukano, Mineta, and Hirose’s [30]
remaining groups indicated those with a single LAS had less injury-related fear compared
to healthy controls (Figure 2ii.4).
Of the 3 values that were calculated for general psychological health, all three
demonstrated a weak effect (< 0.39). All point estimates indicated that those with history
of 1 LAS had decreased psychological health compared to healthy controls (Figure 2ii.5).
However, these results must be interpreted with caution as all effect size confidence
intervals encompassed zero (Figure 2ii.5).
History of More Than One Ankle Sprain Compared to History of One Ankle Sprain
Five [18, 28, 30-32] articles compared injury-related fear and/or general psychosocial
health in those with a >1 LAS (i.e. CAI, FI, PI-RAS, PI, RAS) compared to those with a
history of a single LAS (i.e. copers, NFI). The mean risk of bias score for these articles
was 87.5  4.4%. All five articles provided sufficient data to calculate effect sizes and
95% confidence intervals with are summarized in Table 2ii.5. Of the 15 comparisons, 10point estimates examined injury-related fear and 5-point estimates examined
psychosocial health.
Of the 10 values that were calculated for injury-related fear, 2 demonstrated a
large effect (> 0.70), 5 demonstrated a moderate effect (0.40-0.69), and 3 demonstrated a
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weak effect (< 0.39). All 10 values indicated that individuals with a history of >1 LAS
reported increased injury-related fear compared to those with a history of 1 LAS (Figure
2ii.6). Results should be interpreted with caution, as five of the 10 effect size confidence
intervals encompassed zero (Figure 2ii.6).
Of the 5 values that were calculated for general psychological health, 2
demonstrated a large effect (> 0.70), 2 demonstrated a moderate effect (0.40-0.69), and 1
demonstrated a weak effect (< 0.39). Three of the effect size confidence intervals
encompassed zero (Figure 2ii.7). All five values indicated that those with a history of >1
LAS had decreased psychological health compared to the 1 LAS group (Figure 2ii.7).
Level of Evidence and Strength of Recommendation
The level of evidence for each included study can be found in Table 2ii.2. The
strength of recommendation for evidence that examined injury-related fear in individuals
with a history of >1 LAS compared to healthy controls is a Grade of A. This is based on
the consistent findings of six high-quality studies [18, 19, 23, 27, 31, 32]. Additionally, evidence
that injury-related fear differences exist between the single LAS and healthy control
groups is a Grade B due to inconsistent findings among four high-quality studies [18, 30-32].
Similarly, evidence regarding injury-related fear differences between the single LAS and
>1 LAS groups is also a Grade B based on inconsistent findings among five high-quality
studies [18, 28, 30-32]. The strength of recommendation for the evidence that examined
general psychological health in individuals with a history of >1 LAS compared to healthy
controls is a Grade of B based on the limited findings of two high-quality studies [19, 31].
The strength of recommendation for evidence that examined general psychological health
in individuals with a history of a single LAS compared to healthy controls is a Grade of
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A. This is based on consistent findings from two high-quality studies demonstrating
healthy controls had better psychological health compared to the single LAS group [18, 31].
Evidence regarding psychological health differences between the single LAS and >1 LAS
groups was also a Grade A based on consistent findings across two high-quality studies
indicating the single LAS group had increased psychological health compared to the >1
LAS group [18, 31].
Discussion
The purpose of this review was to systematically search the literature, critically
evaluate individual studies, and summarize PROs utilized to quantify psychological
health across the spectrum of those with a history of LAS. After reviewing the literature,
we identified six primary PROs that have been utilized to assess these constructs. In
addition, our findings suggest that there is moderate to strong evidence that individuals
with history of >1 LAS experience heightened injury-related fear as well as decreased
general psychological health compared to healthy controls, and to those who have
sustained a single LAS. This suggests that repeated injuries contribute to worse outcomes
than a single injury.
To assess injury-related fear, one study utilized the AFAQ [30], four studies
utilized the FABQ [19, 23, 27, 32] and six studies utilized a version of the TSK [18, 23, 27, 28, 30,
31]

. While these PROs are appropriate to measure injury-related fear, it is important to

note they evaluate different constructs specific to injury-related fear. The FABQ and
AFAQ predominantly concern patients’ beliefs regarding how physical activity and work
may affect their pain or their ability to return to sport participation. The TSK is better
suited to capture self-reported levels of kinesiophobia, which is the fear of physical
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movement and activity resulting from a feeling of vulnerability to painful injury or reinjury. Both constructs are important to consider as they may be crucial components to
one’s recovery and future physical activity participation.
While each instrument included in these studies is designed to assess a
psychological construct, the development and appropriateness of the instrument for a
population with a history of >1 LAS must be addressed. For example, the purpose of the
AFAQ is to identify potential psychological barriers to rehabilitation following a sportrelated injury. Interestingly, the AFAQ comparisons identified the smallest effects and/or
effects that trended opposite of what would be expected, in which the healthy control
group actually self-reported increased injury-related fear compared to the >1 LAS group.
Additionally, the comparison for participants with a single LAS was moderate, but in the
opposite direction hypothesized, again indicating that the healthy control group selfreported higher levels of injury-related fear. Furthermore, while Fukano, Mineta, and
Hirose [30] included collegiate athletes; there is no indication of when and how
participants sustained their initial ankle sprain and whether they were engaged in
rehabilitation prior to return to sport. Fukano, Mineta, and Hirose [30] included this
instrument with a group of individuals, separated by sex, and whether they had functional
instability or nonfunctional instability; however, the structure of this instrument may be a
more appropriate tool for acute LAS patients who are actively participating in
rehabilitation with the goal to return to sport.
Many studies included the FABQ, and these studies had the largest effects
between groups with confidence intervals that did not encompass zero. DeJong, Magnum,
and Hertel [27] and Houston, Van Lunen, and Hoch [23] identified large effects when
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comparing FABQ scores between individuals with history of >1 LAS and healthy
controls, indicating that those with history of >1 LAS exhibit increased injury-related
fear. Wikstrom and Song [19] also included the FABQ to compare individuals with history
of >1 LAS to healthy controls and identified large and moderate effects for each of the
subscales, also indicating that those with history of >1 LAS reported increased injuryrelated fear. Based on these results, the FABQ appears to be a responsive instrument for
identifying heightened fear-avoidance in the ankle sprain population, particularly those
with a history of >1 LAS.
While the FABQ was developed to assess fear-avoidance beliefs, which are
dysfunctional beliefs associated with pain or fear of pain, this construct of injury-related
fear appears to be elevated in people with a history of LAS. However, it is unknown if
this heightened level of fear-avoidance beliefs is due to the presence of lingering pain
associated with prior injury or if these individuals are consciously avoiding activities as a
protective mechanism due to fear of future instability and/or re-injury which may be
associated with pain. In a recent systematic review examining the prevalence of pain in
individuals with CAI, Al Adal, Pourkazemi, Mackey, and Hiller [50] discovered that ankle
pain was present in 50% to 79% of those with CAI. However, of the 14 included studies
in that review, no researchers investigated the relationship between presence of pain in
participants with CAI to other residual impairments [50]. Thus, future research and
clinicians should strongly consider the use of validated measures of pain severity in
conjunction with the FABQ in an attempt to better quantify and understand injury-related
fear in individuals with history of LAS.
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The TSK [13, 43] objectively measures a patient’s fear of movement related to their
injury. This instrument is applicable to the ankle sprain populations that were included in
these studies, as effect sizes for comparisons of history of >1 LAS to healthy controls or
history of single ankle sprain were as expected. For example, DeJong, Magnum, and
Hertel [27] had strong effects for comparisons between individuals with a history of >1
LAS and healthy controls. These findings were similar for Terada et al. [31], Fraser et
al.[18], and Fukano, Mineta, and Hirose [30] who used the shorter version of the TSK.
However, it must be noted that for all of these studies, the comparisons of those
participants with history of a single LAS to healthy controls indicated small or moderate
effects, that most frequently had confidence intervals that encompassed zero, or were
opposite as hypothesized, in which the single LAS group actually reported less injuryrelated fear compared to both the >1 LAS and healthy control groups. This is not
surprising, as existing literature commonly describes individuals with history of a single
LAS as being a “coper”, an individual with a history of a LAS, but returns to high-level
activities without recurrent injury or loss of function, closely mimicking the outcomes of
a healthy control [51]. Researchers are eager to discern what truly differentiates an
individual who sustains LAS from becoming a coper versus someone who develops signs
and symptoms indicative of CAI. These findings essentially support the idea that copers
are the same as healthy controls in terms of self-reported measures, thus highlighting the
need for continued research to examine the physiological differences, not just PROs,
between injury groups.
To assess psychosocial health, two studies utilized the SF-36 [19, 31] and two
utilized the PROMIS. [18, 19] While these PROs are appropriate tools to measure general
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psychological health, it is important to note they are purposefully broad in nature and
may not accurately reflect psychosocial health as it pertains to having a history of LAS.
The SF-36 consists of broad categories aimed at providing a snapshot of one’s global
quality of life, examining areas such as physical functioning, role limitations due to
physical problems, social functioning, bodily pain, general mental health, role limitations
due to emotional problems, vitality, and general health perceptions. While the PROMIS
is a measure of global health, we were most concerned with the aspect of the PROMIS
that assessed psychological constructs: the patient’s ability to participate in social roles
and activities and the mental health subscale, which encompasses emotional distress,
cognitive function, and positive psychological function [17]. These psychological
constructs provide clinicians and researchers insight into one’s psychosocial health,
which is a vital component to recovery and function.
While the SF-36 and PROMIS were designed to assess a psychological construct,
the development and appropriateness of these instruments for a population with a history
of LAS must be addressed. Interestingly, while psychosocial point estimates were lowest
in the >1 LAS group compared to both healthy controls and 1 LAS, the SF-36
comparisons by Terada et al. [31], Wikstrom and Song [19], and Arnold, Wright, and Ross
[29]

identified the smallest effects in which majority of the effect size confidence intervals

encompassed zero (Figure 2ii.3). Additionally, Terada et al.’s [31] comparison for
participants with a single LAS compared to healthy controls was small, with associated
confidence intervals encompassing zero, providing evidence of no significant difference
between groups. These decreased self-reported scores in the healthy-control groups may
be attributed to the broad nature of SF-36 questions, which are purposefully geared
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towards encompassing one’s global health, in which the participants were reporting
outside the context of their ankle injury history. The majority of PROMIS comparisons
identified similar findings as the SF-36. Other than Fraser et al.’s [18] PROMIS QoL
scores for the >1 LAS group compared to both healthy controls and 1 LAS, Fraser et al.
[18]

and Wikstrom and Song [19] identified weak effects throughout. Additionally, all

comparisons by Fraser et al. [18] and Terada et al. [31] of those with history of 1 LAS to
healthy controls had a weak effect, with confidence intervals encompassing zero,
indicating no significant difference between the groups. The largest effects existed
between individuals with >1 LAS compared to those with history of 1 LAS to healthy
controls, in which individuals with a >1 LAS had decreased self-reported psychological
health compared to healthy controls or those with a history of 1 LAS. These findings may
be attributed to the broad nature of the questions asked in the PROMIS, which are
purposefully geared towards encompassing one’s global health. Based on these results,
neither the PROMIS nor SF-36 appears to be more applicable to the ankle sprain
population. While both PROs were developed to assess global health, they may be too
broad to home in on specific psychological impairments as it pertains to their ankle sprain
history but may be used as a barometer of overall psychological functioning.
Clinical Relevance
The results of this systematic review indicate that individuals with history of >1
LAS self-report psychological impairments as measured by PROs when compared to
healthy controls. Perhaps of even more interest is the large and moderate effects which
indicate healthy control participants had increased injury-related fear compared to those
with a history of single LAS. While these findings are important to note, it is unclear as
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to why these phenomena may have been identified. This may be due to the psychological
recovery of an individual with a history of single ankle sprain. However, it may be that
the instruments included are not specific enough to detect differences in these groups.
Future research may choose to incorporate additional tools to further parse out the
psychological differences between individuals with a single LAS and healthy controls as
the current instruments do not appear sufficient and detecting differences as they pertain
to one’s ankle injury history.
Another important consideration for why healthy controls may have reported
increased injury-related fear despite never sustaining a LAS and why those who sustained
a single LAS score more similar to healthy controls, could be due to the individual’s preinjury psychological profile. Based on the nature of the case-control study design, and
inclusion criteria for people with history of LAS, we are unable to determine if the scores
reported by individuals with history of LAS are strictly reflecting their injury-related
psychological state or if these are inherent characteristics of this patient population.
Personal factors, such as self-efficacy, resiliency, and anxiety, may influence how an
individual perceives their injury [52]. In an updated model of CAI, personal factors are
specifically noted for playing an important role for how one responds to and may recover
from injury in conjunction with pathomechanical and environmental considerations [53].
Furthermore, while a direct relationship between these personal factors and LAS
outcomes have not been established, McCann and Gribble (2016) theorize that patient
resilience and self-efficacy may be important factors in the chronification of an acute
LAS into CAI [54]. These personal constructs present a unique clinical opportunity where

51

the treating clinician can tailor their individualized treatment not only around physical
impairments, but psychosocial impairments that may impact recovery as well.
Injury-related fear is personal factor that has been studied extensively in the lowback pain population [9, 55-57]. Subsequently, numerous intervention strategies have been
examined to effectively address these psychological impairments [58-60]. To our
knowledge, none of the intervention studies designed to improve outcomes after acute
LAS or those with CAI have included specific intervention strategies to address injuryrelated fear. However, it may be that just participating in structured rehabilitation may
influence these constructs in people with CAI. In a recent study by Powden, Hoch,
Jamali, and Hoch [61], individuals with CAI completed the FABQ and modified
Disablement in the Physically Active (mDPA-PSC) before and after participating in a 4week multimodal exercise program. The exercise program consisted of balance training,
ankle strengthening, stretching, and progressive dynamic activities that were completed
with a healthcare provider and at home. At the end of the multimodal intervention, the
authors reported significant improvements in overall health-related quality of life and fear
avoidance that were maintained for two weeks after the intervention was completed [61].
Therefore, the balance training and progressive dynamic activities described in essence
may have gradually exposed the participants to fear eliciting tasks, and unknowingly
addressed psychological impairments. While this study has reported promising results, it
is imperative future research begin to assess interventions that target these psychological
constructs, such as fear-avoidance beliefs. Furthermore, future intervention studies should
also consider the role of patient anxiety, self-efficacy and resiliency on rehabilitation
outcomes. This review, along with previous work by Houston, Hoch, and Hoch [22],
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reiterates the impairments in these measures for individuals with a history of ankle sprain.
We now need to begin to develop effective strategies to address these impairments.
The FABQ and TSK assess different constructs of injury-related fear, and only
two of the 10 included articles reported included both instruments. Therefore, future
research and clinical practitioners should incorporate both PROs to better understand
psychological health in this population. Furthermore, none of the studies presented in this
review included the Pain Catastrophizing Scale (PCS) or the Self-Efficacy Scale as a
measure of psychological health. In a recent systematic review by Baez, Hoch, and Hoch
[62]

, authors recommend studies include the Pain Catastrophizing Scale, TSK, FABQ, and

the Self-Efficacy Scale to gain a more encompassing view of one’s psychological health
following musculoskeletal injury. Similarly, none of the studies looked at more specific
mental health conditions, such as anxiety or depression. Examining specific aspects of
mental health may elicit different findings than the generic mental health scales. Given
the heterogeneity of residual symptoms one may experience following LAS, it is
important to objectively assess pain via the PCS, as pain is an integral contributor to
injury-related fear. Additionally, it behooves clinicians and researchers to assess one’s
self-efficacy to gauge one’s ability and desire to participate in and complete a
rehabilitation protocol following LAS, which may be a key indicator of their recovery
trajectory.
Limitations
While this systematic review was structured based on the updated Preferred
Reporting Items for Systematic Reviews and Meta-Analyses 2020 guidelines [24] it is not
without limitations. We conducted electronic searches in databases considered to be the

53

most relevant for purposes of this review, followed by a hand search of references and
PROs listed in the identified studies. Despite our efforts, there is always a possibility that
relevant articles were missed during the search process. Additionally, our study design
inclusion criteria may have eliminated studies that utilized relevant psychological PROs
as outcome measures. Furthermore, while majority of the articles explicitly stated that
LAS must have occurred at least six weeks prior to participation in the study, it is
unknown how time since initial injury could impact self-reported PRO scores.
Finally, we did not perform a meta-analysis for this systematic review for several
reasons. The primary reason was because of heterogeneity across study samples. This
heterogeneity was particularly prevalent in the group that had sustained an ankle sprain
but was not determined to meet the clinical diagnosis of CAI. Similarly, there were
deviations in the inclusion criteria and demographics for the CAI and healthy control
groups. Secondly, the studies used an array of different outcome measures. This would
have left us with the choice to separate the data and perform multiple small meta-analyses
or pool data across outcomes which would have been challenging to interpret.
Conclusion
Our systematic search of the literature revealed 9 studies in which authors
compared PROs measuring psychological health in individuals with > 1 LAS, individuals
with a single LAS, and healthy control participants. The evidence suggests that
individuals with > 1 LAS have increased levels of injury-related fear and decreased
psychological health compared to healthy controls. The limitation to the Strength of
Recommendation is largely due to the case-control study design. To examine injuryrelated fear, researchers and clinicians should utilize both the FABQ and the TSK as

54

these instruments assess different injury-related fear constructs. While PROs can be used
to objectively assess one’s psychological health, it is imperative to reiterate to the
participant to answer within the context of their ankle injury. While these PROs can be
used to identify concerns with mental health, these impairments should be addressed by
clinicians during rehabilitation. Given the heterogeneity of mechanical, sensorimotor,
and psychological impairments in those with history of LAS, future research is needed to
determine the most effective holistic, patient-centered treatment within this injury
population.

Copyright © Katherine Ann Bain 2021
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Table 2ii.1 Search Strategy

56

Step

Search Terms

Boolean Operator

EBSCO Host

PubMed

1

Ankle*

NA

159,344

74,973

2

Patient-reported
outcome*

NA

49,442

26,167

3

Sprain*
Uninjured*
Coper*

OR

46,305

22,708

4

1, 2, 3

AND

46

43

Duplicates Removed

NA

NA

8

11

TOTAL

NA

NA

38

32

Duplicates

NA

NA

Abbreviation: NA, not applicable
a
Total number of duplicates between EBSCO Host and PubMed.

24a

Table 2ii.2 Methodological Summary of the Studies Included
Study

Level of
Inclusion Criteria
Evidence

Corbett et
al. 2019

3

DeJong
et al.
2019

3

57

Student-athletes with history of
LAS, cleared for full athletic
participation
CAI: at least 1 significant ankle
sprain 12 months or more prior
to enrollment, no current ankle
injuries ≤3 months of the
study,<90% on the FAAM-ADL
and <85% on the FAAMSport,
≥11 on the IdFAI, and <24 on
the CAIT
HC: recreationally active (≥30
min of moderate activity 5
times/week) without a history of
ankle sprains

Population
High school
athletes

History
of Ankle
Sprain
(n)
25

Recreationally 20
active young
adults

Control(n)
-20

Psychological Study
PRO
Design
TSK-11
TSK-17,
FABQ

Crosssectional
Case-control

Table 2ii.2 Continued
Study
DeJong
et al.
2020

Level of
Inclusion Criteria
Evidence
3
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CAI: at least 1 significant ankle
sprain sustained 12 months or
more prior to study enrollment
with residual disability,
classified as ≤90 on the FAAMADL, and ≤85 on the FAAMSport subscale
Copers: 1 significant ankle
sprain at least
12 months prior to study
collection without any residual
disability, determined as ≥99 on
the FAAM-ADL, and ≥97 on the
FAAM-Sport

History
of Ankle
Psychological Study
Population
Control(n)
PRO
Design
Sprain
(n)
Recreationally 14
-TSK-17
Case-control
active young
defined as
adult females Copers;
14
defined as
CAI

Table 2ii.2 Continued
Study

Level of
Inclusion Criteria
Evidence
3

Fukano et
al. 2020

3

Houston
et al.
2018

3
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Fraser et
al. 2018

Copers: defined as ≥ 12 months
prior and no perceived EGW,
IdFAI ≤ 10, FAAM-ADL ≥ 99,
and FAAM-Sport ≥ 97. CAI
group defined as LAS ≥ 12
months prior to the study who
had EGW and scored IdFAI >
10, FAAM-ADL < 90, and
FAAM-Sport < 85
LAS: inversion ankle sprain 28weeks prior to consent
HC: no history of foot/ankle
sprain
FI: ≥1 ankle sprain, ≥11 on
IdFAI
NFI: ≥1 ankle sprain, ≤10 on
IdFAI.
CON: no history of ankle sprain,
≤10 IdFAI
History of 1 LAS, recurrent (≥2)
or no ankle sprains

History
of Ankle
Psychological
Population
Control(n)
PRO
Sprain
(n)
Recreationally 21
22
PROMIS,
active young
defined as
TSK-11
adults
Copers;
17
defined as
LAS; 20
defined as
CAI

Study
Design
Crosssectional

Collegiate
athletes

95
defined as
having FI
and 50
with NFI

23

AFAQ,
TSK-11

Crosssectional

Collegiate
athletes

44 report
recurrent
sprains;
75 report
single
LAS

28

FABQ

Crosssectional

Table 2ii.2 Continued
Study

Level of
Inclusion Criteria
Evidence
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Houston
et al.
2014

3

Lentz et
al. 2010

3

Terada et
al. 2017

3

CAI: defined as ≥1 ankle sprain
and 2 EGW in past 3 months,
and answered “yes” to ≥4
questions on the AII
HC: no history of LAS
Included if referred to physical
therapy with a diagnosis related
to the foot and/or ankle, or
subjective complaints of footand/or ankle-related disability
within 6-month window
CAI divided into 3 sub-groups:
PI-RAS: ≥2 LAS, ≥2 EGW in
last 6 months, ≥5 AII, ≥11 IdFAI
PI: 1 LAS, ≥2 EGW in last 6
months, ≥5 AII, ≥11 IdFAI
RAS: ≥2 LAS, no EGW, <5 AII,
<11 IdFAI
LAS-Coper: 1 LAS, no EGW,
<5 AII, <11 IdFAI
Control: no history of LAS, no
EGW, 0 AII and IdFAI

Population
Physically
active young
adults

History
of Ankle
Sprain
(n)
25

Control(n)

Psychological Study
PRO
Design

25

TSK-11,
FABQ

Case-control

General
population
seeking
physical
therapy care

34

--

TSK-11

Crosssectional
with
retrospective
chart review

Physically
active adults

25
defined as
PI-RAS;
13 PI; 12
RAS; 18
LASCoper

26

TSK-17,
SF-36

Case-control

Table 2ii.2 Continued
Study

Level of
Inclusion Criteria
Evidence

Population

History
of Ankle
Sprain
(n)
45

Control(n)

Psychological Study
PRO
Design

CAI: ≥1 ankle sprain and 2
-45
PROMIS,
CrossEGW in past 6 months and
FABQ, SF-36 sectional
IdFAI > 11
HC: no history of LAS
Abbreviations: AFAQ, Athlete Fear Avoidance Questionnaire; AII, Ankle Instability Index; CAI, Chronic Ankle Instability; CAIT,
Cumberland Ankle Instability Tool; CON, Control; EWG, Episode of Giving Way; FAAM-ADL, Foot Ankle Ability Measure of
Activities of Daily Living; FABQ, Fear-Avoidance Beliefs Questionnaire; FI, Functional Instability; IdFAI, Identification of
Functional Ankle Instability; LAS, Lateral Ankle Sprain; NFI, No Functional Instability; PI, Perceived Ankle Instability; PI-RAS,
Perceived Instability in Combination with Recurrent Ankle Sprain; PRO, Patient-Reported Outcome; PROMIS, Patient Reported
Outcomes Measurement Information System; RAS, Recurrent Ankle Sprain; TSK, Tampa Scale of Kinesiophobia; VAS, Visual
Analog Scale
Wikstrom
& Song
2019

3
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Table 2ii.3 Adapted Downs and Black Quality Index Scores for the Included Articles
Study
Corbett et al, 2019
DeJong et al, 2019
DeJong et al, 2020
Fraser et al, 2018
Fukano et al, 2020
Houston et al, 2014
Houston et al, 2018
Lentz et al, 2010
Terada et al, 2017
Wikstrom and Song, 2019

Quality Index Score, %
62.50%
87.50%
87.50%
93.75%
81.25%
87.50%
87.50%
75.00%
87.50%
81.25%
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Table 2ii.4 Reduced Downs & Black Individual Items and Quality Index Scores for the Included Articles
Item #

1

2

63

3

5

6

7

10

11

12

15

16

18

20

21

22

25

Corbett et
Y
Y
Y
al, 2019
DeJong et
Y
Y
Y
al, 2019
DeJong et
Y
Y
Y
al, 2020
Fraser et
Y
Y
Y
al, 2018
Fukano et
Y
Y
Y
al, 2020
Houston et Y
Y
Y
al, 2014
Houston et Y
Y
Y
al, 2018
Lentz et al, Y
Y
Y
2010
Terada et
Y
Y
Y
al, 2017
Wikstrom
Y
Y
Y
& Song,
2019
Abbreviations: N, no; Y, yes.

N

Y

Y

N

Y

N

N

Y

Y

Y

N

N

N

Quality
Index
Score
(%)
62.50

Y

Y

Y

Y

Y

Y

N

Y

Y

Y

Y

N

Y

87.50

Y

Y

Y

Y

Y

Y

N

Y

Y

N

Y

Y

Y

87.50

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

Y

93.75

Y

Y

Y

Y

Y

Y

N

Y

Y

Y

Y

N

N

81.25

Y

Y

Y

Y

Y

Y

N

Y

Y

Y

Y

N

Y

87.50

Y

Y

Y

Y

Y

Y

N

Y

Y

Y

Y

N

Y

87.50

N

Y

Y

Y

Y

N

N

Y

Y

Y

N

N

Y

75.00

Y

Y

Y

Y

Y

Y

Y

Y

Y

N

Y

N

Y

87.50

Y

Y

Y

N

Y

Y

N

Y

Y

Y

Y

N

Y

81.25

Table 2ii.5 Calculated Hedges g Effect Sizes and 95% Confidence Intervals for Psychological Deficits Comparing Injury Groups (≥1
LAS, 1 LAS, and HC)
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Study
PRO
≥1 LAS (CAI, FI, PI-RAS, PI, RAS) vs. HC
DeJong et al. 2019
TSK-17
DeJong et al. 2019
FABQ
Fraser et al.
TSK-11
Fraser et al.
PROMIS MCS
Fraser et al.
PROMIS QoL
Fukano et al. FI-Male
AFAQ
Fukano et al. FI-Male
TSK-11
Fukano et al. FI-Female
AFAQ
Fukano et al. FI-Female
TSK-11
Terada et al. PI-RAS
TSK-17
Terada et al. PI
TSK-17
Terada et al. RAS
TSK-17
Terada et al. PI-RAS
SF-36 Mental
Terada et al. PI
SF-36 Mental
Terada et al. RAS
SF-36 Mental
Houston et al. 2014
FABQ-PA
Houston et al. 2014
FABQ-Work
Houston et al. 2014
FABQ-Total
Houston et al. 2014
TSK-11
Houston et al 2018 Recurrent
FABQ
Wikstrom et al.
FABQ PA
Wikstrom et al.
FABQ Work

Hedge’s g

Lower Limit

Upper Limit

3.01
1.89
0.87
-0.52
-11.93
0.01
-0.13
-0.36
0.71
0.87
0.36
0.50
0.57
0.49
0.29
2.11
1.18
1.92
1.64
1.05
2.40
0.61

2.10
1.14
0.23
-1.14
-14.55
-0.67
-0.81
-0.98
0.09
0.29
-0.31
-0.20
0.01
-0.19
-0.40
1.42
0.58
1.25
1.00
0.54
1.85
0.18

3.91
2.63
1.50
0.09
-9.31
0.70
0.56
0.25
1.33
1.44
1.03
1.19
1.13
1.16
0.98
2.81
1.78
2.59
2.28
1.55
2.94
1.03

Table 2ii.5 Continued
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Study
PRO
Wikstrom et al.
SF-36 MH
Wikstrom et al.
SF-36 SF
Wikstrom et al.
PROMIS APSR
Wikstrom et al.
PROMIS GMH
1 LAS (Copers, NFI) vs. HC
Fraser et al.
TSK-11
Fraser et al.
PROMIS MCS
Fraser et al.
PROMIS QoL
Fukano et al. NFI-Male
AFAQ
Fukano et al. NFI-Male
TSK-11
Fukano et al. NFI-Female
AFAQ
Fukano et al. NFI-Female
TSK-11
Terada et al.
TSK-17
Terada et al.
SF-36 Mental
Houston et al. 2018
FABQ
≥1 LAS (CAI, FI, PI-RAS, PI, RAS) vs. 1 LAS (Copers, NFI)
DeJong et al. 2020
TSK-17
Fraser et al.
TSK-11
Fraser et al.
PROMIS MCS
Fraser et al.
PROMIS QoL
Fukano et al. Male
AFAQ
Fukano et al. Male
TSK-11
Fukano et al. Female
AFAQ
Fukano et al. Female
TSK-11

Hedge’s g
0.28
0.18
-0.69
0.29

Lower Limit
-0.13
-0.23
-1.11
-0.13

Upper Limit
0.70
0.59
-0.26
0.70

-0.24
-0.13
-0.27
-0.63
-0.48
-0.57
0.13
0.25
-0.23
0.65

-0.84
-0.73
-0.87
-1.38
-1.22
-1.25
-0.54
-0.35
-0.83
-0.35

0.36
0.47
0.33
0.12
0.26
0.11
0.80
0.85
0.37
0.85

0.66
1.19
-0.38
-12.02
-0.75
-0.50
-0.15
-0.62

-0.10
0.52
-1.00
-14.70
-1.26
-1.00
-0.63
-1.11

1.42
1.85
0.24
-9.35
-0.24
-0.01
0.33
-0.13

Table 2ii.5 Continued
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Study
PRO
Hedge’s g
Lower Limit
Upper Limit
Terada et al. PI-RAS
TSK-17
0.67
0.04
1.29
Terada et al. PI
TSK-17
0.16
-0.55
0.87
Terada et al. RAS
TSK-17
0.28
-0.45
1.02
Terada et al. PI-RAS
SF-36 Mental
-0.73
-1.35
-0.10
Terada et al. PI
SF-36 Mental
-0.67
-1.41
0.06
Terada et al. RAS
SF-36 Mental
-0.42
-1.16
0.31
Houston 2018 Recurrent
FABQ
0.43
0.06
0.81
Abbreviations: AFAQ, Athlete Fear Avoidance Questionnaire; APSR, Ability to Participate in Social Roles and activities; FABQ,
Fear-Avoidance Beliefs Questionnaire; FI, Functional Instability; GMH, Global Mental Health; MCS, Mental Composite Score; NFI,
No Functional Instability; PA, Physical Activity; PI, Perceived Ankle Instability; PI-RAS, Perceived Instability in Combination with
Recurrent Ankle Sprain; PROMIS, Patient Reported Outcomes Measurement Information System; PSC, Physical Summary
Composite; QoL, Quality of Life; RAS, Recurrent Ankle Sprain; RLE, Role Limitations-Emotional; SF-36, Short Form 36-Item; SF,
Social Functioning; TSK, Tampa Scale of Kinesiophobia

Figure 2ii.1 Flowchart of literature review.
This figure was adapted from the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statement created by Moher et al. (2011).
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Figure 2ii.2 Effect size estimates and 95%confidence intervals of injury-related fear
patient-reported outcomes in the >1 lateral ankle sprain (LAS) group compared to healthy
control group.
TSK Tampa Scale of Kinesiophobia, FABQ Fear Avoidance Beliefs Questionnaire (PAPhysical Activity Subscale, Work-subscale), AFAQ Athlete Fear Avoidance
Questionnaire.
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Figure 2ii.3 Effect size estimates and 95% confidence intervals of psychosocial health
patient-reported outcomes in the >1 lateral ankle sprain (LAS) group compared to healthy
control group.
PROMIS Patient Reported Outcomes Measurement Information System (MSC, Mental
Health; QoL, Quality of Life), SF-36 Short Form 36-Item (SF, Social Functioning; MH,
Mental Health; RLE, Role Limitations-Emotional).
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Figure 2ii.4 Effect size estimates and 95% confidence intervals of injury-related fear
patient-reported outcomes in the 1 lateral ankle sprain (LAS) group compared to healthy
control group.
TSK Tampa Scale of Kinesiophobia, FABQ Fear Avoidance Beliefs Questionnaire, AFAQ
Athlete Fear Avoidance Questionnaire.
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Figure 2ii.5 Effect size estimates and 95% confidence intervals of psychosocial health
patient-reported outcomes in the >1 lateral ankle sprain (LAS) group compared to healthy
control group.
PROMIS Patient Reported Outcomes Measurement Information System (MSC, Mental
Health; QoL, Quality of Life), SF-36 Short Form 36-Item (MH, Mental Health).
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Figure 2ii.6 Effect size estimates and 95% confidence intervals of injury-related fear
patient-reported outcomes in the > 1 lateral ankle sprain (LAS) group compared to 1 LAS
group.
TSK Tampa Scale of Kinesiophobia, FABQ Fear Avoidance Beliefs Questionnaire, AFAQ
Athlete Fear Avoidance Questionnaire.
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Figure 2ii.7 Effect size estimates and 95% confidence intervals of psychosocial health
patient-reported outcomes in the >1 lateral ankle sprain (LAS) group compared to 1 LAS
group.
PROMIS Patient Reported Outcomes Measurement Information System (MSC, Mental
Health; QoL, Quality of Life), SF-36 Short Form 36-Item (MH, Mental Health).
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CHAPTER THREE:
Contralateral Sensorimotor Connectivity is Related to Postural Control in the NonInvolved Lower Extremity of Older Adults with a History of Lateral Ankle Sprain
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Introduction
Lateral ankle sprains (LAS) are highly prevalent 1,2, costly 3, and often result in
long-term negative health consequences.4 A large focus of LAS research has identified
the pathomechanical, sensory-perceptual, motor-behavioral and subsequent functional
impairments associated with LAS.5 However, it has been hypothesized that changes in
the central nervous system (CNS) following a ligamentous injury may underlie the most
commonly reported functional impairment, altered static postural control. 6-9
Interestingly, altered static postural control is present in both injured and non-injured
limbs, 10 and can persist into late adulthood. 11 Despite these findings, the underlying
relationship between CNS communication and postural control in injured and non-injured
limbs remains unknown.
With the use of neuroimaging modalities, such as resting-state functional
magnetic resonance imaging (fMRI), we are able to observe potential CNS-postural
control relationships in individuals with a history of LAS. Resting-state fMRI is a
noninvasive neuroimaging tool used to determine the temporal synchrony between
functionally linked but spatially divergent brain regions, referred to as networks.12 The
synchrony, or functional connectivity (FC), of the sensorimotor network (SMN) is an
unexplored measure that may help to elucidate the relationship between central control
and peripheral stability. Interestingly, activation of regions within this network are
positively associated with greater balance performance13 and higher SMN connectivity
may help to prevent future anterior cruciate ligament (ACL) ruptures.14 However, the
relationship between SMN connectivity and postural control in injured and non-injured
limbs remains unknown.
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History of LAS is associated with deficits in both sensory and motor aspects of
sensorimotor control.15-18 Individuals with history of LAS have demonstrated decreased
spinal reflex19 and corticospinal excitability.20,21 Furthermore, motor cortex alterations
are present in both the injured and non-injured limbs following ankle joint injury. 22
These findings suggest some type of SMN reorganization following injury. However, the
relationship between sensorimotor network functional connectivity (SMN-FC) and static
postural control in injured and non-injured limbs remains unknown. The SMN is often
overlooked when determining the relationship between static postural control and
sensorimotor function.23 Exploring this relationship in injured and non-injured limbs may
provide important information related to SMN communication following LAS.
Our aim was to determine the relationship between SMN-FC and static postural
control measures in both the injured and non-injured limbs of older adults with a history
of LAS. To execute this aim, we selected four regions of interest (ROI) that have
potential links to static postural control: bilateral thalami and bilateral post-central gyri.
We hypothesized that older adults with a history of LAS would demonstrate a
relationship between contralateral SMN-FC and static postural stability in the noninjured, but not the injured, limb.
Methods
Study Design
Using a cross-sectional design, correlations were examined between SMN-FC and
balance outcomes in older adults with previous history of LAS. The experimental
protocol outlined in this manuscript was approved by the University of Kentucky
institutional review board. The methods of this study were carried out in accordance with
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the Declaration of Helsinki. Participants reported to the research laboratory for a single
testing session. All participants read and signed an informed consent approved by the
University’s institutional review board.
Participants
Twenty older adults with a self-reported previous history of LAS were recruited
from local and university communities (Table 3.1). These individuals had a history of
sustaining at least one significant LAS before the age of 35 that resulted in swelling, pain,
and a temporary loss of function. No participant had acutely sprained his or her ankle in
the three months prior to testing. The previously injured limb was considered the ‘testing’
limb. In the event a participant reported having a bilateral ankle sprain history, the
dominant limb was used as the testing limb. Other than history of LAS, all participants
were in good health and had no history of 1) diagnosed balance or vestibular disorders; 2)
self-reported low back pain in the past 12 months or history of scoliosis or spondylitis; 3)
self-reported concussion in the past 12 months; 4) diagnosed cardiopulmonary disorder;
5) history of any self-reported musculoskeletal injury or fracture in either the upper or
lower extremity; 6) any diagnosed neurovascular disorders. Additional exclusion criteria
for MRI scanning procedures included: 1) history of major neurological disorder (i.e.,
stroke, seizures) and 2) presence of metal fragments and/or metallic implants that could
cause bodily harm or risk disrupting the magnetic field. 46
Procedures
MRI Acquisition
MRI data were acquired utilizing the methodology outlined by Johnson et al.47
Data were collected on a 3 Tesla Siemens PRISMA scanner at the University of
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Kentucky. A 64-channel head coil was used to collect all neuroimaging data. Two
primary imaging sequences were collected for each participant in this study: 1) a highresolution, T1-weighted sequence for subsequent localization of resting-state activity in
standard stereotactic space, and 2) T2*-weighted images sensitive to resting fluctuations
in blood-oxygen-level-dependent (BOLD) signal.
The high-resolution 3D anatomic images were acquired using a magnetizationprepared rapid gradient-echo (MPRAGE) sequence with the following parameters: echo
time (TE) 2.26 ms, repetition time (TR) 2530 ms, field of view (FOV) of 256 mm, flip
angle (FA) of 7°, and voxel size of 1×1×1 mm. T2*-weighted images sensitive to
changes in BOLD were acquired with the following parameters: TE 30 ms, TR 2000 ms,
FOV = 224 mm, (FA) of 76°, and voxel size of 3.53 mm3.
Resting-State Processing
Intrinsic connectivity during resting-state fMRI was assessed via independent
component analysis (ICA) using FMRIB’s Software Library (FSL) Multivariate
Exploratory Linear Optimized Decomposition into Independent Components
(MELODIC) tool (http://fsl.fmrib.ox.ac.uk/fsl/fsl-4.1.9/melodic/index.html).47 ICA is a
statistical technique that decomposes a summative signal into independent additive
spatiotemporal subcomponents. MELODIC’s multi-session temporal concatenation
option was employed to allow for the identification of group-level spontaneous intrinsic
brain networks, or subcomponents.
The resting-state data were brain-extracted48, motion corrected to the median
functional image using b-spline interpolation, temporally filtered with a 100 second highpass filter, and spatially smoothed with a 7 mm full width at half maximum (FWHM)
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kernel. The previously skull stripped T1-weighted anatomic volumes (FSL’s brain
extraction tool, BET) were registered to the standard space T1 MNI 2 × 2 × 2 mm
template with FSL’s Non-linear Image Registration Tool (FNIRT;
http://www.fmrib.ox.ac.uk/analysis/techrep). Each participant’s median functional image
was then co-registered to their anatomical volume and warped to standard space using the
non-linear warping matrix generated during the transformation of the anatomical volume
to standard space. All resulting functional images were interpolated to 2 × 2 × 2 mm
resolution for group-level network identification.
The SMN component was identified at the group level (component 1) and
thresholded at a significance level of Z > 3.1. The thresholding yielded a SMN map
composed of bilateral pre- and post-central gyri and bilateral thalami (Figure 3.1).
The thresholded map was then multiplied by left and right hemisphere masks to
isolate ipsilateral and contralateral connectivity maps for injured and uninjured limbs.
FSL’s cluster tool was then used to identify peaks in each hemisphere. The HarvardOxford Cortical Structure Atlas was then used to identify peaks in both the left and right
postcentral gyri. Afferent structures were of primary interest due to peripheral
deafferentation following injury. Peak coordinates for bilateral postcentral gyri and
thalami can be found in Table 3.2.
Peak coordinates were then transformed to native space using FSL’s
img2imgcoord tool. Next, fslmaths was used to create 4mm spheres and a single network
mask in native space. Finally, Analysis of Functional Neuroimages’ 3dNetCorr tool was
used to pull Pearson r and Fisher-transformed Z-scores for individual network
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correlations. Higher correlation coefficients are indicative of more synchronous
communication between ROIs.
Balance Assessment
Following resting-state fMRI data collection, single limb static postural control
was assessed on a force platform utilizing the methodology outlined by Terada et al.44
Participants performed three eyes-open trials of a 20-second single-limb balance task on a
level surface on both the injured and non-injured limbs. Order of limb testing was
randomized. Center of pressure velocity (COPV) measures were assessed using a
portable force platform (Accusway Plus, AMTI, Watertown, MA) integrated with
Balance Clinic software (AMTI) at a sampling rate of 100Hz. A custom-made MATLAB
code was used to calculate center of pressure (COP) trajectories in the anteroposterior
(COPV_AP) and mediolateral (COPV_ML) directions. The COPV time series data were
filtered with a low pass, fourth-order Butterworth filter set at a cutoff frequency of 5
Hz.10 Lower values of COPV are indicative of better static postural control.
Participants were asked to stand barefoot on the testing limb in single-limb stance
in the middle of the force plate, with their hands on their hips and foot flat. Three practice
trials preceded test trials. During the testing trials, participants were instructed to
maintain their single-limb posture with eyes open for 20-seconds while COP data were
collected. A trial was discarded if: 1) the non-testing limb made contact on the force
platform or the stance limb; 2) participants hopped or took a step with the stance limb; 3)
participant lifted their forefoot or heel from the force plate; and/or 4) they removed their
hands from their hips.44
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Statistical Analysis
Both sex and BMI have been shown to influence static postural control, so age,
sex and BMI were entered as nuisance covariates (P < 0.05).49,50 Partial correlations with
standardized residuals were performed to assess the relationship of contralateral SMN-FC
and the injured and uninjured side COPV for both the AP and ML directions. Pearson
product moment correlation coefficients (r) were interpreted as weak (0.00-0.40),
moderate (0.41-0.69), or strong (0.70-1.00). 51 An a priori alpha level was set at P < 0.05
using the Statistical Package for the Social Sciences (version 24.0; SPSS Inc., Chicago,
IL.) for all statistical tests.
Results
Anthropometric and postural control data for all participants are listed in Table
3.1. When controlling for age, sex, and body mass index (BMI) there was a significant
negative correlation between contralateral SMN-FC and COPV_ML (r = -0.47, P =.05;
Figure 3.2, Image B) and COPV_AP (r = -0.53, P = .03; Figure 3.2, Image A) in the noninjured limb of older adults with a history of LAS. No significant associations were
observed between postural control variables in the injured limb and contralateral SMNFC (COPV_ML: r = -0.08, P = 0.75; COPV_AP: r = 0.14, P = 0.60).
Discussion
The present study represents a novel investigation into the relationship between
CNS connectivity and history of LAS. Specifically, we aimed to determine the
relationship between SMN-FC and measures of static postural control in injured and noninjured limbs of individuals with a history of LAS. The results indicated a negative
relationship between contralateral SMN-FC and COPV in the non-injured limb of older
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adults with history of LAS. Further, no relationship was observed between contralateral
SMN-FC and COPV in the injured limb of older adults with history of LAS. These
findings support our hypothesis and suggest an altered signal fidelity in afferent portions
of the SMN related to static postural control in the injured limb. The details and
implications of these findings are discussed below.
We observed a potential dissociation between SMN-FC and static postural control
in the injured, but not the non-injured, limb of older adults with a history of LAS. Altered
CNS sensorimotor communication has been observed in both the injured and non-injured
limbs following musculoskeletal injury.20,24,25 Both findings suggest a reorganization of
cortical communication following peripheral injury. Our findings demonstrate an
unspecified loss of signal fidelity, or aberrant neurologic communication, at some point
along the afferent pathway. This potential loss of signal fidelity may help to further
explain why individuals with functionally unstable ankles are unable to discriminate
afferent input related to load when compared to healthy controls.26 Taken together,
peripheral musculoskeletal injury may lead to maladaptive neuroplastic changes in the
CNS.27,28
Neuroplastic changes are common following peripheral injury.27 Greater
variability in supplementary motor cortex activation has been observed during a single
limb balance task in individuals with a history of LAS.29 What remains a mystery is
whether this finding is a downstream effect of altered afferent signal fidelity.
Interestingly, individuals with history of LAS exhibit peripheral alterations in plantar
cutaneous somatosensation15, lateral ligament deafferentation30, and diminished
kinesthesia and joint position sense.31-33 Further, articular deafferentation following a
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LAS may alter proprioceptive feedback to the CNS, creating a loss of signal fidelty.30,34
Our findings provide additional support for a potential change in the communication of
afferent signal, as the level of functional connectivity is proposed to reflect the amount of
signaling exchange between network nodes.35
While our findings demonstrate altered SMN communication, the underlying
mechanisms remain unknown. Altered SMN connectivity could be the cause or the result
of musculoskeletal injury. For example, athletes who go on to experience an ACL injury
exhibited differences in pre-injury FC compared to those who did not experience an ACL
injury during their sport season. Such findings suggest that pre-existing levels of CNS
communication may predispose individuals to musculoskeletal injury. Our findings
provide additional insight into the existence of different levels of connectivity within
SMN nodes that govern injured and non-injured limbs. Taken together, it appears that
altered SMN-FC is related to peripheral musculoskeletal injury at multiple lower
extremity joints.
Importantly, any predisposition to musculoskeletal injury may be enhanced by
age-related declines in postural control and/or FC. Older adults show declines in postural
control in conjunction with naturally occurring age-related alterations in FC.36,37 For
example, older adults typically demonstrate a larger degree of excursion and greater
variability of COP, resulting in less stable balance.38 Neurophysiological evidence has
found increased sway in the ML direction to be indicative of fall risk and age-related
disease in older adults.39,40 Additionally, age-related decreases in SMN-FC are present in
otherwise healthy older adults.41 Taken together, the additive effect of age-related
declines in postural control and FC may place older adults at an increased risk of falls.
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Although we did not examine fall risk specifically, reduced afferent processing is
ubiquitous in this population42 and has been correlated with an increased risk of falling.43
The present study has several caveats that warrant further investigation. First, the
cross-sectional nature of our study limits the ability to draw causal conclusions. Future
studies should incorporate longitudinal designs to determine the degree to which SMNFC interacts with LAS across the lifespan. Second, it is difficult to generalize findings
since time of initial ankle sprain, severity of ankle sprain, and previous history of
rehabilitation following initial LAS are unknown. Third, we utilized a self-reported
questionnaire and interview to identify individuals with history of LAS, which may have
provided limited information to the overall impact of their LAS. Future studies should
include multiple questionnaires and clinical tests to minimize recall bias. Future studies
should also explore measures of structural and functional connectivity, as well as
potential associations between postural control and white matter microstructure within
sensory pathways. White matter microstructure, or anatomical connectivity, contributes
to FC and is related to static postural control.44,45 Finally, we recognize our relatively
healthy sample prevents us from generalizing findings to all older adults with history of
LAS.
In conclusion, our findings demonstrate a significant relationship between
contralateral SMN-FC and COPV in both the AP and ML direction in the non-injured,
but not the injured, limb of older adults with history of LAS. This provides preliminary
evidence for future studies to determine if LAS leads to alterations in SMN-FC that may
have a negative impact on postural control. Additionally, future research should aim to
unearth the mechanisms explaining these relationships and to track longitudinal changes
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in postural control and SMN-FC to enhance our understanding of mechanisms that
contribute to age- and injury-related declines in postural control.
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Table 3.1

Participant anthropometrics and postural control data: mean (SD)

Variable

LAS
(F = 13; M =7)

Age (yr)

67.0 (4.3)

Height (cm)

168.7 (10.9)

Mass (kg)

80.0 (17.5)

BMI (kg・m-2)

27.9 (4.5)

COPV-AP Involved (cm/s)

4.3 (0.9)

COPV-ML Involved (cm/s)

3.7 (1.2)

COPV-AP Uninvolved (cm/s)

4.2 (0.9)

COPV-ML Uninvolved (cm/s)

3.6 (1.1)

Abbreviations: AP, anteroposterior; BMI, Body Mass Index; cm, centimeter;
COPV, center of pressure velocity; F, female; kg, kilogram; LAS, Lateral
Ankle Sprain; M, male; ML, mediolateral; m, meter; s, second
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Table 3.2

SMN Peak Coordinates.

Region

MNI Coordinates in Voxels
x

y

z

Left postcentral gyrus

65

54

59

Left thalamus

50

53

35

Right postcentral gyrus

26

49

64

Right thalamus

38

53

37

Peak coordinates in the SMN thresholded at Z = 3.1
SMN, sensorimotor network
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Figure 3.1 Sensorimotor Network Spherical Peaks.
Right (A; blue) and left (B; red) postcentral gyri and thalamic spherical peaks. The
anatomic underlay used for illustration is the MNI152 T1-weighted 2 mm brain.
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Figure 3.2 Image A: Controlling for age, sex, and BMI there was a moderate negative
correlation between contralateral SMN-FC and COPV_AP (r = -0.53, P = .03). Image B:
Controlling for age, sex, and BMI there was a moderate negative correlation between
contralateral SMN-FC and COPV_ML (r = -0.47, P =.05).
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CHAPTER FOUR:
Differences in Percent Change in Mean Heart Rate Variability between Females with
History of Lateral Ankle Sprain and Uninjured-Matched Controls

90

Introduction
Lateral ankle sprain (LAS) is among the most common lower extremity
musculoskeletal injuries impacting both athletic and general populations. [1] While the
majority of patients return to their normal physical activities, 70% of those who sustain
an LAS develop residual deficits and, of that subgroup, approximately 40% develop
chronic ankle instability (CAI). [2] A large focus of LAS research has been targeted
toward unearthing the physical and sensorimotor impairments and subsequent functional
limitations associated with the development of CAI. However, evidence regarding an
individuals’ psychological and neurocognitive health post-injury have recently emerged
as potentially important constructs associated with recovery trajectory.
Individuals with CAI self-report psychological impairments that impact their
health-related quality of life (HRQL) [3] [4], indicating that individuals with history of
LAS are at risk of self-reporting a decreased generalized sense of well-being and an
overall decreased satisfaction with health-related quality of life. [5] Furthermore,
individuals with CAI demonstrate increased levels of injury-related fear and decreased
self-reported function.[6-9] Injury-related fear is a form of learned fear, which includes
fear-avoidance beliefs, where the individual experiences kinesiophobia, the fear of
movement and/or fear of reinjury.[10] It has been suggested that the presence of
maladaptive emotion (i.e., injury-related fear, as well as anxiety and stress), may impact
an individuals’ emotion regulation capabilities.[11]
Emotion regulation (ER) refers to regulatory processes that impact how well an
individual can respond to an emotional event and control the physiological and
behavioral aspects of our responses.[12] Effective ER is essential for overall mental and
physical well-being.[12] History of musculoskeletal illness and pain associated with injury
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innately lead to emotions with a negative connotation[13], that if left unaddressed and
unregulated, increase the risk for disability, re-injury, and persistent emotional distress.
[14, 15]

The presence of lingering stress and fear significantly hinder complete recovery

following an injury. [16] Stress is an ambiguous term that often refers to a disruption in
homeostasis.[17] Regarding injury-related stress and fear, the sympathetic portion of the
autonomic nervous system is overactive, resulting in physical, mental, emotional, or
behavioral impairment. [18]
The sympathetic nervous system is the body’s mechanism of ‘fight, flight, or
freeze’, in which activation results in a myriad of changes established to increase one’s
likelihood of survival when presented with a threat.[19] These physiological changes
include, but are not limited to, increased respiratory rate, the release of epinephrine and
norepinephrine which increases heart rate, circulatory changes such as vasoconstriction to
axial musculature to facilitate one’s ability to ‘fight’ or ‘flee’, decreased heart rate
variability, and decreased electrocortical activation.[19, 20] These physiological responses
reflect the homeostatic emotional regulation of the central nervous system.[20] In a recent
study, fearful images presented to a population with musculoskeletal injury history
resulted in worsened heart-rate variability and increased frontal and parietal cortical
activation as compared to healthy controls.[21] While these physiological responses serve
to arouse and protect from potentially dangerous and/or injurious situations, this
neurophysiological inhibition may be concerned with promoting the neural processing of
aversive visual stimuli.[22] Despite the negative impact of injury-related fear and injuryrelated stress on physical performance, the identification and examination of these
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neurophysiological variables have yet to be explored in those with history of an ankle
sprain.
The use of heart rate variability (HRV) may be a worthwhile tool to evaluate
neurophysiological changes secondary to musculoskeletal injury. Heart rate variability is
the measure of fluctuation between heartbeat intervals, representing the ability of the
heart to respond to a variety of stimuli.[18] Further, HRV is a non-invasive means that
may serve as a surrogate indicator of function of brain regulatory systems. [23] While
emerging literature indicates HRV may serve as a proxy for central nervous system
function to better understand stress and health as ER and HRV are associated via shared
brain regions [24], HRV is more strongly correlated and validated with the
parasympathetic system[25]. While the mechanisms are not fully clear, individuals with
higher HRV tend to have better emotion regulation than those with low HRV.[23] The
Neurovisceral Integration Model proposed that the medial prefrontal cortex, an area that
plays a critical role in fear extinction learning and emotional regulation[26-28], in
conjunction with other core neural structures, integrates information to regulate the heart
and then one’s HRV represents an index of effectiveness of the “core integration” system.
[24]

Higher HRV (or greater variability between heart beats) usually means that the body

has a strong ability to tolerate stress or is strongly recovering from prior accumulated
stress; whereas, lower HRV (or less variability in heart beats) is associated with impaired
regulatory autonomic nervous system functions, reducing the body’s ability to cope with
internal or external stressors. [18, 23]
The evidence that neurophysiological measures that are associated with ER
capabilities can make an individual more susceptible to injury or re-injury suggests a
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critical need to understand the impact of HRV in individuals with history of
musculoskeletal injury, specifically LAS. Characterizing both neuropsychological and
neurophysiological impairments may allow for the development of more appropriate
intervention strategies that better mitigate injury-related fear in those with history of
LAS. By developing appropriate intervention strategies to address injury-related fear and
stress, patients may be able to address contributors to sustained ankle instability, and
subjectively report improved HRQL. Therefore, the purpose of this study was to compare
percent change in mean HRV between baseline resting and when viewing images of
ADLs and sport-specific activities between individuals with a history of LAS and
uninjured-matched controls during a visually based Picture Imagination Task (PIT). We
hypothesized that individuals with history of LAS would exhibit decreased percent
change (i.e., less RMSSD from baseline, less variability) as compared to uninjuredmatched controls during the PIT.
Methods
Design
A case-control design was used to examine percent change in mean HRV in
individuals with history of LAS compared to uninjured-matched controls. The dependent
variable was percent change in mean HRV, and the independent variable was group
identification (history of LAS versus uninjured control).
Participants
Twenty-two female participants with history of LAS and 22 uninjured-matched
controls were recruited. Females were selected for this study due to internal validity
concerns as it has been previously demonstrated that significant differences exist between

94

males and females in basal function of the autonomic nervous system. [29] Specifically
impacting HRV, biological females tend to have a dominance of parasympathetic over
sympathetic tone compared to biological males, indicating a role of female sex hormone
involvement in cardiac autonomic regulation. [30] Participants in the history of LAS group
were between the ages of 20-28 years, had a history of at least one significant LAS that
resulted in pain, swelling, and potential loss of function, reported sustaining an initial
LAS during activity (i.e., organized sport or recreational activity), were minimum of 6months post-LAS, and reported no skin allergies to adhesive materials. Uninjured
controls were matched for limb dominance, age (± 20% of age in years, height (± 20% of
height in cm), mass (± 20% of mass in kgs), and physical activity level as indicated on
the NASA Physical Activity Survey.
Participants were excluded if they had a history of lower extremity fracture or
surgery, a diagnosed balance and/or vestibular disorder, or a medical condition that could
interfere with electrocardiography (ECG) data acquisition. Additionally, individuals
actively taking prescribed medication for depression, anxiety, or ADD/ADHD were
excluded due to the physiological effects of the medications. All participants reviewed
and signed a university approved IRB informed consent prior to participation.
Procedures
All participants reported to the laboratory for a single testing session. After
obtaining informed consent, participants completed a demographic health history
questionnaire to assess anthropomorphic measures and injury history. The Ankle
Instability Index (AII) and the NASA Physical Activity Status Scale were used as
inclusionary tools. The Foot and Ankle Disability Index (FADI) and the Modified
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Disablement in the Physically Active (mDPA) were used to address regional and global
function. The Tampa Scale of Kinesiophobia (TSK-11), the Fear Avoidance Belief
Questionnaire (FABQ), the Penn State Worry Questionnaire (PSWQ), and the Emotion
Regulation Questionnaire (ERQ) were used to quantify constructs of emotion regulation,
such as worry, anxiety, and fear of movement and/or reinjury. After completion of PROs,
participants underwent a Picture Imagination Task (PIT) utilizing 20 images depicting
activities of daily living (ADL) and 20 images depicting sport-related activities from the
International Affective Picture System (IAPS). [22] Neurophysiological responses to
images were evaluated in real-time via a 3-lead ECG set-up to assess measures of HRV
and the self-assessment manikin (SAM), as well as level of fear on a 9-point Likert scale.
[22]

Measures of HRV were collected at rest for a minimum of 5 minutes in a quiet
room, with the participant seated in a chair with elbows resting on armrests. Once a
testing session started, participants were instructed to focus on the images presented on
the testing screen and to carefully imagine themselves physically and mentally
completing the task as demonstrated by the image on the screen. [31] All images were
randomized and presented on the screen for a fixed time of 6-seconds with a 12-second
break between images. Based on the previously established protocol by Woo An et al.
[21]

, participants were instructed to perform their emotion evaluation and complete the

SAM and level of fear rating during the 12-second break between images. Participants
were asked to minimize body and facial movements, keep their eyes open and focused on
the screen, blinking as needed, to limit electrical impedance and artifact. Participants
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were instructed to maintain their normal breathing patterns, referred to as spontaneous
breathing, versus a controlled breathing program.
Instrumentation
Patient-Reported Outcome Measures: Region-Specific Function
The Foot and Ankle Disability Index (FADI)[32] is a region-specific tool
consisting of 34-items, designed to determine perceived ankle pain, symptoms, function,
and quality of life associated with foot and ankle conditions. The FADI is comprised of
two subscales, the FADI which has 26 items, and the FADI-Sport which contains 8 items.
Each item is scored on a 4-point Likert scale of 0= unable to do to 4 = no difficulty at all.
The FADI contains 4 pain items that are score 0 = none and 4 = unbearable. The FADI
has a total point value of 104 points, whereas the FADI-Sport has a total point value of 32
points. Both are scored separately, as percentages, with a score of 100% indicating ‘no
dysfunction’. [32] Test-retest reliability for the FADI and FADI-Sport are 0.89 and 0.84,
respectively. [33]
Patient-Reported Outcome Measures: Global Function
The Modified Disablement in the Physically Active (mDPA)[34] is a generic
instrument, consisting of two separate summary components, the mental (mDPA-MSC)
and the physical (mDPA-PSC). The mDPA-MSC contains 4-items, with a possible score
of 16 points. The mDPA-PSC contains 16-items, with a possible score of 48 points. Each
item is scored on a 5-point Likert scale where 0 = no problem and 4 = severe problem. A
higher score on each component represents greater levels of disablement.[34] The mDPAMSC and mDPA-PSC both have excellent internal consistency with a Cronbach’s alpha
of 0.88 and 0.94, respectively.
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Patient-Reported Outcome Measures: Constructs of Emotion Regulation
All participants completed three measures assessing constructs of emotion
regulation (Tampa Scale of Kinesiophobia-11[TSK-11], the Fear-Avoidance Beliefs
Questionnaire [FABQ], and the Penn State Worry Questionnaire [PSWQ]). The TSK-11
is a valid and reliable tool (ICC = 0.81, internal consistency = 0.79), designed to evaluate
fear of movement and fear of re-injury in patients with history of a musculoskeletal
injury. [35] Each item of the TSK-11 is scored on a 4-point Likert scale with higher scores
representing elevated levels of fear or movement and reinjury. The FABQ was originally
manufactured to be used in patients with low back pain[36], but has since been adapted to
encompass other musculoskeletal injuries[7, 37, 38]. An ankle-specific FABQ was designed
to assess fear-avoidance beliefs in individuals with history of LAS, in which the word
“back” was omitted and edited to read “ankle” and question 8 was also omitted.[39] The
FABQ is a valid and reliable tool (ICC = 0.77-0.9[7], internal consistency = 0.72-0.89[7]),
designed to evaluate a patients’ beliefs regarding how physical activity may affect their
pain. There at 16-items, all scored on a 6-point Likert scale where a higher score
indicates greater fear-avoidance beliefs. The PSWQ demonstrates good internal
consistency (0.88-0.95)[40] and validity[41]. The PSWQ consists of 16-items presented on a
5-point Likert scale, designed to assess anxiety and pathological worry, where a higher
score tends to be more indicative of increased worry and/or anxiety.[42] While this PRO is
typically utilized in those with generalized anxiety disorder, previous work as correlated
degree of self-reported worry and HRV measures.[43]
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International Affective Picture System (IAPS)
The IAPS is a database of pictures developed by the National Institute of Mental
Health Center for Emotion and Attention at the University of Florida to provide
standardized data for studying constructs of emotion and attention.[44] A total of 20 sportspecific images and 20 images depicting activities of daily living (ADL) were selected
from the IAPS. All sports-specific images were selected if the description included a
sport activity that would involve the lower extremity (i.e., running, hiking, cutting, etc.).
All ADL images selected depicted people engaging in activities such as reading, sitting,
lounging, etc., with low arousal values. [44]
Modified from a previously published protocol [21] each testing session was
comprised of 40 randomly ordered images, consisting of 20 neutral images depicting
activities of daily living (ADL) and 20 sport-related images. The participant would view
a black screen prior to picture presentation (baseline = 6 seconds), view picture (6
seconds), post-picture black screen (3 seconds), followed by an emotional rating interval
lasting 12 seconds in which no picture was displayed. All images were presented on a 21inch (53-cm) liquid crystal display laptop (43 x 32cm), situated approximately 100cm
away from the participant at eye level.
Electrocardiogram (ECG): Heart Rate Variability
Measures of heart rate variability (HRV) were continuously collected during
baseline, picture presentation, and post-picture presentation. Measures were acquired via
wireless BIOPAC ECG (BIOPAC Systems, INC, Goleta, CA) systems. Ag/ACl bipolar
self-adhesive ECG electrodes were attached to right subclavicular region and bilateral
sides of the trunk, at approximately T10 level. (BIOPAC Systems ECG Guide)
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Signal Processing
HRV monitoring is most reliable when using time domain and nonlinear
parameters, regardless of breathing condition.[45] Utilizing BIOPAC software (BIOPAC
Systems, INC, Goleta, CA), the raw ECG data collected during the PIT via the 3-lead setup were run through a band-pass filter (0.5-35Hz, using 8000 coefficients), as
recommended in BIOPAC’s Application Note, “Heart Rate Variability- Preparing data
for Analysis Using AcqKnowledge”. Heart rate in beats per minute was analyzed by
BIOPAC software to detect R-waves in the ECG and human ECG complexes were
labeled for analysis. Once raw data were further reviewed and edited for outliers and
artifact, BIOPAC’s HRV multi-epoch analysis was used to detect R-R intervals to the
nearest millisecond, resulting in a Root Mean Square of Successive Differences
(RMSSD) value for between each heartbeat. The RMSSD is a time-domain method to
reliably measure HRV and autonomic activity.[46] The use of RMSSD is especially useful
for short duration ECG measurements, ranging from 10 seconds to less than 24 hours.[47]
Statistical Analysis
Descriptive statistics were calculated for participant demographics, including
patient-reported outcomes, and HRV. Mann-Whitney U tests were conducted to examine
between-group differences in baseline demographics and constructs of emotion
regulation, as measured by patient reported outcomes, as well as percent change in mean
HRV from baseline to each image type. These group comparisons were conducted
separately for the cluster of ADL and Sport -Specific images. Hedges’ g effect sizes with
95% confidence intervals were calculated to determine clinically meaningful differences
between groups for each percent change relative to the image type. Effects sizes were

100

interpreted by the following cut-offs: strong if ≥ 0.70; moderate if between 0.40 and 0.69;
and weak if ≤ 0.39.[48] All significance levels were set a priori at P < .05. All statistical
analyses were performed using SPSS software (v.25.0, SPSS, Inc., Chicago, IL, USA).
Results
Forty-four participants (22 with history of LAS; 22 uninjured-matched controls)
participated. Participants’ demographic information is presented in Table 4.1. The data
were not normally distributed, so nonparametric tests were used to analyze demographic
information. As expected, due to our matching efforts, there were no significant group
differences (P > .05) observed for age, height, mass, and physical activity level between
the individuals with history of LAS and the uninjured controls. Differences were noted
between the history of LAS and uninjured control groups on the mDPA, FADI, and
FABQ (Table 4.1). No significant differences were noted in percent change in mean
HRV between injury groups for ADL (p = 0.81) and sport-specific (p = 0.89) images
(Table 4.2). Effect sizes were weak (<0.39), and confidence intervals encompassed zero
(Table 4.2).
Discussion
The first purpose of our investigation was to examine differences in percent
change in mean HRV among individuals with history of LAS compared with uninjuredmatched control participants. Our hypothesis that individuals with history of LAS would
exhibit decreased percent change in mean HRV, reflecting less variability, compared to
uninjured controls during the PIT was not supported. We observed no statistically
significant difference in percent change in mean HRV in those with history of LAS
compared to uninjured controls.
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To our knowledge, this is the first examination of the presence of injury-related
fear and HRV in individuals with history of LAS. While our results do not support that
HRV was not significantly different between groups, individuals with history of LAS are
reporting more injury-related fear, increased disablement, and decreased physical activity
(Table 4.1). These decreased HRQL self-reported findings are consistent within this
injury population across the literature.[49] While our objective outcomes did not directly
reflect our participant’s self-reported outcomes, HRV is a novel technique in the
musculoskeletal injury population with strong potential for growth.
Measures of HRV have been tied to other essential constructs of human function,
such as social cognition[50] and executive function[51]. Both these constructs are intricately
tied to and impacted by the presence of injury-related fear, which is ubiquitous amongst
those with history of LAS. Cognitive processes related to fear and anxiety are linked to
activity involving subcortical and cortical structures to implement avoidant response
strategies.[52]
Integration of Fear with Cognition and Emotional Regulation
The amygdala, a subcortical structure commonly associated with the expression
of emotions, such as fear, has widespread projections and expansive influence on other
systems. Neurons from the amygdala project to the neocortex, hippocampus, basal
ganglia, thalamus, and the hypothalamus.[20] The basal ganglia are concerned with the
control of movement and aspects of motor learning. Thus, given the amygdala’s
association with the basal ganglia, it plays a role in movement regulation and cognitive
functioning, such as the learning and execution of motor skills.[20] The amygdala not only
mediates unconscious sympathetic physiological responses, but also plays a role in the
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conscious perception of fear.[20] It is this conscious perception of fear that is being
reported by patients on clinician-administered PROs.
In addition to the amygdala, two key neural regions concerned with emotion are
the cingulate cortex and the insular cortex.[20] The cingulate cortex surrounds the dorsal
surface of the corpus callosum and is involved in the regulation of emotion and cognition.
The anterior cingulate cortex, the front most portion of the cingulate cortex, has been
implicated in several complex cognitive functions such as emotion and decisionmaking.[20] Further, a cortical network referred to as the Default Mode Network (DMN),
is comprised of portions of the cingulate cortex, medial prefrontal cortex, and the angular
gyrus.[53, 54] The DMN typically shows greater activity during resting-state activities than
while actively performing a goal-directed task (i.e., the PIT).[53] Previous fMRI studies
have discovered that individuals with history of ACLR demonstrate an inability to
suppress the DMN, potentially due to the presence of pain[31] or the act of the brain
constantly processing the memory of a painful, musculoskeletal injurious event[55].
Considering approximately 50-79% of those diagnosed with chronic ankle instability
report the presence of chronic ankle pain[56], we believe there may be cortical findings
similar to that of the ACLR population in the ankle sprain population.
Injury-Related Fear and Cognition
Individuals diagnosed with history of LAS self-report increased levels of injuryrelated fear, both kinesiophobia and fear of reinjury.[6, 39, 57, 58] The presence of injuryrelated fear, can influence one’s cognitive appraisal abilities and effect recovery
outcomes. In individuals who have sustained an anterior cruciate ligament (ACL) injury,
Woo An et al.[21] found that fear of reinjury may interrupt the typical cascade of
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neurocognitive processing, as well as lead to neuromuscular-control deficits and reinjury.
When the ACL injury group was presented with negative visual emotional stimuli, it
appeared to exacerbate neuromuscular responses to unanticipated perturbations which led
to muscular stiffness and potential joint instability.[21] Baez et al.[55] utilized the same PIT
while having participants with history of ACL reconstruction undergo an fMRI and found
that individuals displayed cortical activation differences compared to healthy-matched
controls. Additionally, they uncovered that cortical activation differences may reflect the
presence of injury-related fear associated with both sport-specific tasks and activities of
daily living.[55]
Through cognition, the individual has the ability to discern behaviorally relevant
stimuli, responses, memories, and/or thoughts, among non-relevant stimuli based on past
experiences.[52] For example, an individual diagnosed with a history of LAS, may view
participating in a seemingly harmless recreational activity or sport as a salient, or
meaningful, threat. Meaning, based on their past injury history, when presented with an
unexpected salient threat (i.e. having to walk or run on an uneven surface or run while
kicking a ball) their existing injury-related fear may make them consciously aware of
their potential risk of re-injury (i.e. sustaining another ankle sprain), or experiencing
pain.[59] The mere awareness that participation could end with these results may lead to
avoidant behaviors.[59] Individuals with history of LAS are consistently self-reporting
worse scores on the Fear Avoidance Beliefs Questionnaire compared to their healthy
counter parts[49], which may ultimately impact their level of social and physical
participation.
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Limitations
We identified the following limitations in this study. Firstly, individuals in the
history of LAS group may have had higher HRV prior to sustaining their index injury
compared to the uninjured control group. Due to the cross-sectional design of this study,
we are unable to determine HRV changes over time within each group and pre-injury
HRV was unknown. Future studies should collect two to four weeks’ worth of baseline
HRV data prior to introducing an experimental condition to establish each participants’
“normal” baseline. [25] Additionally, participants from both groups may have experienced
increased sympathetic nervous system activation because of testing anxiety and from
being fitted with ECG testing equipment. Secondly, HRV is an indirect measure of
autonomic nervous system function, thus we can only speculate about the connection
between cardiac function and nervous system functioning. Heart rate variability is most
strongly correlated and validated with the parasympathetic nervous system, so
researchers are currently unable to directly deduce the influence of sympathetic nervous
system from HRV.[25] Thirdly, whereas the patient reported outcomes used to examine
injury-related fear have been previously utilized in those with history of LAS, not all
have been validated in an ankle sprain population. Finally, all participants were otherwise
healthy, physically active females, so results may not be generalizable for all LAS
patients. Furthermore, future studies conducted with female participants should control
for HRV changes and consequences associated with menstrual cycle phases, as specific
phase cycles can impact HRV outcomes.[60]

105

Conclusion
While differences in percent change in mean HRV were not identified in
individuals with history of LAS when compared to uninjured-matched controls,
significant differences in self-reported outcomes pertaining to injury-related fear and
other constructs of emotion regulation were present. Assessment of HRV in this
population is a novel approach, which we believe has the potential to elucidate the
connection between objective, physical outcomes and subjective reporting provided by
the patient. Future investigators should explore modalities designed to measure HRV in
the musculoskeletal-injury population. Further, they should ensure they are collecting
adequate pre-intervention data (2-4 weeks prior) to establish a more patient-specific
baseline prior to experimental testing.
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Table 4.1

Participants’ Demographics and Patient Reported Outcome Measure Scores

Group, Median (Interquartile Range)
Characteristic
LAS (n = 22)
Age, y
Height, cm
Mass, kg
# of LAS
Grade of Index LAS
Ankle Instability Index Score

24 (3)
165.1 (12.7)
64.8 (17.4)
L: 3 (2.7); R: 4 (4)
L: 3 (2.7); R: 4 (4)
10.5 (7)

Uninjured
Control
(n = 22)
23 (6)
165.1 (8.6)
62.5 (6.6)
N/A
N/A
0 (0)

Foot and Ankle Disability
Index
ADL
Sport
Total
NASA Physical Activity Scale

96.2 (6.3)
89.1 (21.9)
93.8 (8.3)
8 (1)

100 (0)
100 (0)
100 (0)
7 (2)

<0.01*
<0.01*
<0.01*
0.21

44.5 (9)

44.5 (9)

0.65

18 (5)

20 (4)

0.11

15.5 (4)

15 (5)

0.13

13 (8)
0 (4)
13.5 (11)

0 (2)
0 (0)
0 (3)

<0.01*
0.19
<0.01*

5.5 (12)

0 (0)

<0.01*

1.5 (5)

1 (3)

0.78

7 (12)

1.5 (3)

<0.01*

Emotion Regulation
Questionnaire score
Penn State Worry
Questionnaire score
Tampa Scale of
Kinesiophobia-11 score
Fear Avoidance Beliefs
Questionnaire
Physical Activity
Work
Total
Modified Disablement in the
Physically Active score
Physical Summary
Component
Mental Summary
Component
Total
* = P < 0.05
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MannWhitney Test
P Value
0.77
0.91
0.83
<0.01*

Table 4.2 Group Differences in Percent Change in Mean Heart Rate Variability
between Groups.

% Change
ADL
% Change
Sport

History of
LAS
-2.97 (31.1)

Uninjured
Controls
.28 (35.1)

p-value

Hedges’ g

0.81

0.07

95% Confidence
Intervals
(-0.52, 0.66)

1.22 (44.97)

-1.69 (31.7)

0.89

-0.10

(-0.69, 0.50)
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CHAPTER FIVE:
The Relationship Between Constructs of Health-Related Quality of Life and Lower
Extremity Visuomotor Reaction Time in Females with History of Lateral Ankle Sprain
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Introduction
Most individuals who sustain a lateral ankle sprain (LAS) return to their prior
level of function despite lingering deficits and continue to report residual symptoms
associated with their initial LAS even three years later. [1] Recent evidence indicates that
the majority of patients who sustain a LAS do not seek or receive the recommended
rehabilitation to address physical deficits associated with LAS. [2] Even more problematic
may be the lingering, unaddressed psychological impairments associated with LAS.
Individuals with history of LAS exhibit elevated levels of injury-related fear, report
decreased subjective ankle function, and overall decreased health-related quality of life
(HRQOL). [3-6]
Health-related quality of life is a multi-dimensional concept comprised of
domains related to physical, mental, emotional, and social functioning.[7] While
individuals with history of LAS self-report decreased HRQOL via regional, global, and
psychological outcomes[8, 9], the rationale for why is still speculative. It has been
suggested that the presence of unwanted emotion (i.e., injury-related fear) may impact an
individuals’ emotion regulation capabilities [10] which may be a potentially important
factor associated with recovery trajectory, as it impacts overall HRQOL. Emotion
regulation (ER) refers to regulatory processes that impact how well an individual can
respond to an emotional event and control the physiological and behavioral aspects of our
responses. [11] Effective ER is essential for overall mental and physical well-being.
Psychological impairments like injury-related stress and anxiety significantly
hinder complete recovery following an injury. [12] The presence of psychological
impairments not only impact HRQOL, but also neurocognitive processing and
performance. [13] Deficits in neurocognitive function have been observed in those with
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history of LAS. [14] Previous literature has demonstrated that uninjured athletes with
psychological impairments demonstrate decreases in reaction time. [15] A deficit in
neurocognitive function, specifically visuomotor reaction time (VMRT), can predispose
athletes to an increased risk of injury or re-injury. [15, 16] However, limited research has
examined the effect of constructs of HRQOL on other disease-oriented and functional
outcomes in individuals with history of LAS. [11]
It is currently unknown how deficits in neurocognitive performance, such as
VMRT, impact athletic performance and subjective outcomes in individuals with history
of LAS. The evidence that poorly rated HRQOL can negatively impact neurocognitive
performance and create attentional disruptions suggests the need to better understand the
relationship between constructs of self-reported HRQOL and lower extremity VMRT in
individuals with history of LAS. [17] Our purpose was to examine the relationship
between constructs of HRQOL, via patient-reported outcomes, and lower extremity
VMRT in individuals with history of LAS. We hypothesized that individuals with poorer
self-reported scores on measures of HRQOL would demonstrate slower lower extremity
VMRT. Examination of this relationship may help to better understand the effect of selfreported HRQOL constructs, specifically presence of injury-related fear and both anklespecific and global function, on lower extremity VMRT in those with history of LAS.
Methods
Design
A cross-sectional design was used to examine the relationship between constructs
of HRQOL (as measured via Patient-Reported Outcomes [PROs]) and lower extremity
VMRT in individuals with history of LAS. The variables of interest included 5 PROs: 1)
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Tampa Scale of Kinesiophobia (TSK-11)[18], 2) the Fear Avoidance Beliefs Questionnaire
(FABQ)[8], 3) Penn State Worry Questionnaire (PSWQ)[19], 4) the Modified Disablement
in the Physically Active Scale (mDPA)[20], 5) Foot and Ankle Disability Index (FADI)[21],
and 6) lower extremity VMRT (in seconds) measured using the FitLight TrainerTM
(FitLight Sports Corp, Aurora, Ontario, Canada),
Participants
An a priori power analysis based on a bivariate correlation indicated 19
participants would have 80% power for detecting a moderate correlation of 0.60. This
power analysis was based on previous literature examining the presence of injury-related
fear and its’ relationship to VMRT in individuals with history of anterior cruciate
ligament reconstruction.[22] Nineteen female participants with history of unilateral LAS
between the ages of 18-35 were recruited. Participants reported sustaining an initial LAS
during physical activity (i.e., organized sport or recreational activity) and were minimum
of 6-months post-LAS. Participants were excluded if they had a history of lower
extremity fracture or surgery or a diagnosed balance and/or vestibular disorder. All
participants reviewed and signed a university approved IRB informed consent prior to
study enrollment.
Procedures
All participants reported to the laboratory for a single testing session. After
obtaining informed consent, participants completed a demographic health history
questionnaire to assess anthropomorphic measures and injury history. The Ankle
Instability Index (AII) was used as an inclusionary tool. The Foot and Ankle Disability
Index (FADI) and the Modified Disablement in the Physically Active (mDPA) were used
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to address regional and global function, respectively. The Tampa Scale of Kinesiophobia
(TSK-11), the Fear Avoidance Belief Questionnaire (FABQ) and the Penn State Worry
Questionnaire (PSWQ) were used to quantify psychological constructs of HRQOL, such
as worry and fear of movement and fear of injury/reinjury.
Following the completion of PROs, participants completed a lower extremity
VMRT task. Utilizing the FitLight TrainerTM system, participants were instructed to
respond to a visual stimulus and use their foot to deactivate a series of 5 targets arranged
in a semicircle (see Figure 5.1). Each disk was attached to a sponge material that was
then attached to a mat with Velcro in increments of 45 degrees around the 180-degree
semi-circle. The distance for lights 1 to 4 were normalized to participants’ leg length and
light 5, which was located nearest to participants’ stance leg lateral malleolus, was placed
at equal to half the length of the leg. [23] The ‘test limb’ was denoted as the limb
deactivating the light disks while the other limb maintained single-limb balance.
Participants completed the test bilaterally, completing three, 30-second practice trials for
each limb followed by one, 1-minute test trial for each limb. [23] Limb order was
counterbalanced between participants, and each participant received 30-seconds rest
between each trial to minimize limb fatigue.[23]
Instrumentation
Patient-Reported Outcome Measures: Region-Specific and Global Function
The Foot and Ankle Disability Index (FADI)[21] is a region-specific tool
consisting of 34-items, designed to determine perceived ankle pain, symptoms, function,
and quality of life associated with foot and ankle conditions. The FADI is comprised of
two subscales, the FADI which has 26 items and the FADI-Sport which contains 8 items.
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Each item is scored on a 4-point Likert scale of 0= unable to do to 4 = no difficulty at all.
The FADI contains 4 pain items that are scored on a range from 0 = none to 4 =
unbearable. The FADI has a total point value of 104 points, whereas the FADI-Sport has
a total point value of 32 points. Both are scored separately, as percentages, with a score
of 100% indicating ‘no dysfunction’. [21] Test-retest reliability for the FADI and FADISport are 0.89 and 0.84, respectively. [24]
The Modified Disablement in the Physically Active Scale (mDPA)[20] is a
modified version of an original DPA[25, 26], consisting of two separate summary
components: the physical summary component (mDPA-PSC) and the mental summary
component (mDPA-PSC). Each item is scored on a 5-point Likert scale with higher
scores indicating a greater level of disablement.[20] Both the mDPA-PSC and MDPAMSC have excellent internal consistency with Cronbach’s alpha values of .94 and .88,
respectively.[20]
Patient-Reported Outcome Measures: Psychological Constructs of HRQL
All participants completed three measures assessing psychological constructs of
HRQL (Tampa Scale of Kinesiophobia-11[TSK-11], Fear Avoidance Beliefs
Questionnaire [FABQ], Penn State Worry Questionnaire [PSWQ]). The TSK-11 is a
valid and reliable tool (ICC = 0.81, internal consistency = 0.79), designed to evaluate fear
of movement and fear of re-injury in patients with history of a musculoskeletal injury. [18]
Each item of the TSK-11 is scored on a 4-point Likert scale with higher scores
representing elevated levels of fear or movement and reinjury. The FABQ was originally
manufactured to be used in patients with low back pain[27], but has since been adapted to
encompass other musculoskeletal injuries[28-30]. An ankle-specific FABQ was designed to
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assess fear-avoidance beliefs in individuals with history of LAS, in which the word
“back” was omitted and edited to read “ankle” and question 8 was also omitted.[8] The
FABQ is a valid and reliable tool (ICC = 0.77-0.9[29], internal consistency = 0.720.89[29]), designed to evaluate a patients’ beliefs regarding how physical activity may
affect their pain. There at 16-items, all scored on a 6-point Likert scale with a higher
score indicating greater fear-avoidance beliefs. The PSWQ consists of 16-items presented
on a 5-point Likert scale, designed to assess anxiety and pathological worry, where a
higher score tends to be more indicative of increased worry and/or anxiety.[19] The PSWQ
demonstrates high internal consistency for generalized anxiety with a Cronbach’s alpha
of .93.[31]
Neurocognitive Assessment: FitLight TrainerTM
The FitLight TrainerTM (FITLIGHT Sports Corporation, Aurora, ON) is a speed
and agility trainer comprised of light-emitting diode wireless sensor disks designed to
measure VMRT. These disks can be deactivated via proximity of the target (i.e., 10cm
above the target) by a participants’ hands, feet, head, or sporting equipment, making it
versatile and easily implemented in a variety of athletic venues. The FitLight TrainerTM
system has been previously used in athletics to examine VMRT [32] and demonstrates
good reliability for lower extremity VMRT tasks (ICC = .77-.83)[23] and a minimal
detectable change (MDC95) for 0.07 seconds for the right lower extremity and 0.11
seconds for the left lower extremity [23].
Statistical Analysis
Descriptive statistics were calculated for participant demographics, including
PRO scores (Table 5.1 and Table 5.2). The data were not normally distributed, so
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nonparametric tests were used for analysis. Separate Spearman’s Rho correlations were
performed to assess the relationship between PROs assessing constructs of HRQOL and
lower extremity VRMT for both the injured and uninjured limbs. The correlations were
interpreted with the following cut-offs: 0.00 to 0.19 = very weak, 0.20 to 0.39 = weak,
0.40 to 0.59 = moderate, 0.60 to 0.79 = strong, and 1.0 = very strong.[33] Alpha was set a
priori P < 0.05. All statistical analyses were performed using SPSS software (v.25.0,
SPSS, Inc., Chicago, IL, USA).
Results
Nineteen female participants with history of LAS participated. The median and
interquartile range values for all variables are presented in Table 5.2. All correlations for
PROs and lower extremity VMRT for both the injured and uninjured limb are presented
in Table 5.3. There was a strong, negative correlation that was statistically significant
between FADI-ADL (ρ= -0.68) and FADI-Sport (ρ= -0.76) and injured limb VMRT.
There were moderate, negative correlations that were statistically significant between the
uninjured limb VMRT and FADI-ADL (ρ= -0.60) and FADI-Sport (ρ= -0.60) scores.
There was a moderate, positive correlation that was statistically significant between the
injured limb VMRT and mDPA-PSC (ρ= 0.52) and mDPA-Total (ρ= 0.54) scores. All
other correlations were not statistically significant.
Discussion
The purpose of this study was to examine the relationship between constructs of
HRQOL, as measured by PROs, and lower extremity VMRT. We hypothesized that
individuals with poorer scores on PROs assessing constructs of HRQOL would
demonstrate slower lower extremity VMRT. Our results partially support our hypothesis
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in which individuals with history of LAS who scored more poorly, or as having ‘greater
dysfunction’, on the FADI-ADL, FADI-Sport, and FADI-Total, as well as the mDPAPSC and mDPA-Total demonstrated slower lower extremity VMRT. While this
relationship was present in both limbs, it was stronger for the injured limb. In contrast,
there were no statistically significant associations between PSWQ, FABQ, and TSK-11
scores and lower extremity VMRT in either limb.
In our study, slower lower extremity VMRT was associated with increased selfreported ankle-specific and global dysfunction in the injured limb of our history of LAS
population. This relationship is logical because the FADI assesses both participation and
activity limitations specific to the foot and ankle. Therefore, if an individual rated
themselves as having more dysfunction, then tasks directly involving their foot and ankle,
like maintaining single-limb balance while tapping sporadically flashing lights, may be
inherently more difficult to perform. Additionally, previous research conducted within a
cohort of individuals with chronic ankle instability has indicated a correlation between
global and regional measures of function, indicating that both types of instruments should
be utilized as they measure different aspects of function.[8] Our study supports this notion,
with our results demonstrating a significant relationship between both the regional and
global measure of function with lower extremity VMRT in females with history of LAS
within both limbs. We suspect the uninjured limb demonstrated significant findings
because while the ‘uninjured’ limb was being assessed via its’ ability to deactivate the
light sensors as quickly as possible, the injured limb was required to maintain single-limb
balance throughout the duration of both the practice and test trials. Our findings were not
unusual, as a systematic review conducted by McKeon et al.[34] examined postural control
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following acute LAS and found that postural control deficits were present in both the
injured and uninjured limbs of participants. This bilaterally impairment in postural
control may be attributed to central changes associated with musculoskeletal injury
history.[35, 36]
Peripheral musculoskeletal injury, like LAS, can lead to neuroplastic changes
within the central nervous system[35, 37] and altered sensorimotor communication in both
the injured and non-injured limb.[38, 39] Peripherally, individuals with history of LAS
exhibit alterations in plantar cutaneous somatosensation[40], lateral ligament
deafferentation[41], and diminished kinesthesia and joint position sense.[42-44] Centrally,
greater variability in supplementary motor cortex activation has been observed during a
single limb balance task in individuals with a history of LAS.[45] Further, when compared
to uninjured controls, individuals with chronic ankle instability demonstrate deficits in
neurocognitive function.[14] Individuals with history of anterior cruciate ligament
reconstruction (ACLR) also demonstrate central neuroplastic changes.[46, 47] Researchers
investigating the ACLR population hypothesize the neuroplastic adaptations seen may
explain why these individuals heavily rely on visual feedback versus somatosensation to
complete functional tasks.[22] While majority of the literature has been conducted in the
ACLR population, the link between ligamentous damage and neuroplasticity is present
regardless of joint.[39, 48-50] These previous findings indicating similarities between
musculoskeletal populations instigate our need to uncover more regarding consequences
associated with LAS.
Previous research has already identified that slower VMRT is associated with
increased lower extremity injury risk[15] and that individuals with history of chronic
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ankle instability demonstrate deficits in neurocognitive function[14]. If individuals with
history of lower extremity musculoskeletal injury are relying more heavily on visual cues
to perform functional tasks, this may divert their attention from the environment and
contribute to slower reaction time when executing a task. Relative to uninjured controls,
those with diagnosed chronic ankle instability demonstrate neurocognitive performance
deficiencies related to memory and attention.[14] This potential disruption may impact the
cognitive motor planning necessary to regulate a desired neuromuscular response,
possibly contributing to a negative outcome like an injury or reinjury.[51] These
impairments and functional limitations should be accounted for when rehabilitating an
individual with a LAS, as VMRT is a modifiable task-specific outcome.[16, 52] By
incorporating interventions, like reaction-time tasks, into one’s LAS rehabilitation, the
patient may experience enhanced confidence in their injured limb, be exposed to utilizing
both the injured and uninjured limb, and practice allocating their attention to various
stimuli while completing a salient physical task.
Conclusions
In conclusion, we identified that young adult females with history of LAS, who
are otherwise physically active, demonstrate an association between self-reported
constructs of HRQOL and lower extremity VMRT. However, this study is not without
limitations. This study is cross-sectional in nature and does not clearly establish a causeeffect relationship between self-reported constructs of HRQOL and lower extremity
VMRT. Additionally, as this study only included physically active young adult females,
it may not be generalizable to less active, younger, older, or male populations.
Furthermore, we utilized specific participation criteria and standardized operating
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procedures in an attempt to strengthen the internal validity of this study. Future
researchers should conduct prospective, cohort studies to assess any cause-and-effect
relationships between self-reported HRQOL constructs and lower extremity VMRT in
those with history of LAS. Further, as VMRT is a modifiable injury risk factor, future
studies should examine the effectiveness of interventions designed to improve lower
extremity VMRT in those with history of LAS and how they may impact patients’ selfreported HRQOL.

Copyright © Katherine Ann Bain 2021
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Table 5.1

Descriptive Statistics of Participant Demographics

n = 19
Mean (SD)
Age, y
24 (3)
Height, cm
163.1 (9.8)
Mass, kg
65.1 (11.5)
AII Score
10.5 (7)
# of LAS
L: 3 (2.7); R: 4 (4)
Time since LAS, mo
67.8 (50.5)
Grade of Initial LAS
Gr 1: 5; Gr2: 14; Gr3: 3
Abbreviations: cm, centimeter; Gr, Grade; kg, kilogram; L, left, LAS, Lateral Ankle
Sprain; R, right; y, years
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Table 5.2

Descriptive Statistics of Explanatory and Response Variables
Median

IQR

Explanatory variables
Injured FADI-ADL (%)
96.2
7.7
Injured FADI-Sport (%)
90.6
21.9
Injured FADI-Total (%)
94.1
8.8
FABQ-Work
0
4
FABQ-PA
13
8
FABQ-Total
14
11
mDPA-MSC
2
5
mDPA-PSC
5
13
mDPA-Total
7
11
PSWQ
18
6
TSK-11
15
4
Response variables
Injured Limb VMRT (sec)
.50
.09
Uninjured Limb VMRT (sec)
.49
.09
Abbreviations: ADL, Activities of Daily Living; FABQ, Fear Avoidance Belief
Questionnaire; mDPA-MSC, Modified Disablement in Physically Active Mental
Summary Component; mDPA-PSC, Modified Disablement in Physically Active Physical
Summary Component; PRO, Patient-Reported Outcome; PSWQ, Penn State Worry
Questionnaire; sec, seconds; TSK-11, Tampa Scale of Kinesiophobia; VMRT,
Visuomotor Reaction Time
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Table 5.3 Spearman’s Rho Correlations Between Constructs of Health-Related Quality
of Life PROs and Visuomotor Reaction Time
PRO
Injured Limb VMRT
Uninjured Limb VMRT
FADI-ADL (%)
-0.68 (P = 0.002)*
-0.60 (P = 0.01)*
FADI-Sport (%)
-0.76 (P = 0.001)*
-0.60 (P = 0.01)*
FADI-Total (%)
-0.77 (P < 0.001)*
-0.60 (P = 0.01)*
FABQ-Work
0.09 (P = 0.72)
-0.01 (P = 0.99)
FABQ-PA
0.40 (P = 0.07)
0.43 (P = 0.07)
FABQ-Total
0.40 (P =0.09)
0.31 (P = 0.20)
mDPA-MSC
0.02 (P = 0.92)
0.32 (P = 0.15)
mDPA-PSC
0.52 (P = 0.01)*
0.37 (P = 0.09)
mDPA-Total
0.54 (P = 0.02)*
0.49 (P = 0.03) *
PSWQ
-0.18 (P = 0.47)
-0.09 (P = 0.72)
TSK-11
0.13 (P = 0.60)
0.09 (P = 0.73)
*P<0.05
Abbreviations: ADL, Activities of Daily Living; FABQ, Fear Avoidance Belief
Questionnaire; mDPA-MSC, Modified Disablement in Physically Active Mental
Summary Component; mDPA-PSC, Modified Disablement in Physically Active Physical
Summary Component; PRO, Patient-Reported Outcome; PSWQ, Penn State Worry
Questionnaire; TSK-11, Tampa Scale of Kinesiophobia; VMRT, Visuomotor Reaction
Time
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Figure 5.1 FitLight TrainerTM light disk and participant positioning for right limb
visuomotor reaction time task.
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CHAPTER SIX:
Summary
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Purposes, Aims, Hypotheses
The purposes of this dissertation were 1) to better classify impairments associated
with LAS and determine which PROs are most commonly utilized in the literature to
quantify psychological health across the spectrum of those with a history of LAS; 2) to
explore cortical changes following ankle sprain injury by examining the relationship
between sensorimotor network functional connectivity and static postural control in
individuals with history of LAS; 3) to examine whether differences in neurophysiological
measures of ER exist between individuals with history of LAS and uninjured controls and
4) to further explore the relationship between PROs and lower extremity visuomotor
reaction time in individuals with history of LAS. These studies were designed to address
the following aims and hypotheses:
1. To search the literature, critically evaluate individual studies, summarize the
PROs utilized to quantify psychological health in those with a history of LAS
compared to healthy controls, and examine the effect of ankle injury on
psychological health.
Hypothesis: A combination of PROs will be utilized to quantify and
explain psychological health impairments in those with history of
LAS.
2. To determine the relationship between SMN-FC and static postural control
measures in both the injured and non-injured limbs of older adults with a
history of LAS.
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Hypothesis: Older adults with a history of LAS would demonstrate a
relationship between contralateral SMN-FC and static postural
stability in the non-injured, but not the injured, limb.
3. To compare percent change in mean HRV between baseline resting and when
viewing images of ADLs and sport-specific activities between individuals
with history of LAS and uninjured-matched controls during a visually based
Picture Imagination Task (PIT).
Hypothesis: Individuals with history of LAS would exhibit decreased
percent change (i.e., less RMSSD from baseline, less variability) as
compared to uninjured-matched controls during the PIT.
4. To examine the relationship between constructs of HRQOL, via patientreported outcomes, and lower extremity VMRT in individuals with history of
LAS.
Hypothesis: Individuals with poorer self-reported scores on measures
of HRQOL would demonstrate slower lower extremity VMRT.
Summary of Findings
The summary of findings for each specific aim are presented below. The findings
include the following:
1. To search the literature, critically evaluate individual studies, summarize the
PROs utilized to quantify psychological health in those with a history of LAS
compared to healthy controls, and examine the effect of ankle injury on
psychological health.
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Findings: After reviewing the literature, we identified six primary PROs
(AFAQ, FABQ, PROMIS, SF-36, TSK-11 or TSK-17) that have been utilized
to assess psychological impairments in those with history of LAS. In addition,
our findings suggest that there is moderate to strong evidence that individuals
with history of >1 LAS experience heightened injury-related fear and decreased
general psychological health compared to healthy controls, as well as compared
to those who have sustained a single LAS. Additionally, all point estimates
indicated that individuals with history of 1 LAS had decreased psychological
health compared to healthy controls, but these results must be interpreted with
caution as all effect size confidence intervals encompassed zero. Grossly, these
findings suggest that a history of repeated injuries contribute to worse outcomes
than a history of single injury.
2. To determine the relationship between SMN-FC and static postural control
measures in both the injured and non-injured limbs of older adults with a
history of LAS.
Findings: Our findings support our hypothesis and suggest an altered
signal fidelity in afferent portions of the SMN related to static postural
control in the injured limb. The results indicated a negative relationship
between contralateral SMN-FC and COPV in the non-injured limb of
older adults with history of LAS. No relationship was observed between
contralateral SMN-FC and COPV in the injured limb of older adults with
history of LAS.
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3. To compare percent change in mean HRV between baseline resting and when
viewing images of ADLs and sport-specific activities between individuals
with history of LAS and uninjured-matched controls during a visually based
Picture Imagination Task (PIT).
Findings: Our hypothesis that individuals with history of LAS would
exhibit decreased percent change in mean HRV, reflecting less variability,
compared to uninjured controls during the PIT was not supported. We
observed no statistically significant difference in percent change in mean
HRV in those with history of LAS compared to uninjured controls.
4. To examine the relationship between constructs of HRQOL, via patientreported outcomes, and lower extremity VMRT in individuals with history of
LAS.
Findings: Our hypothesis was partially supported, in which individuals
with history of LAS who scored more poorly, or as having ‘greater
dysfunction’, on the FADI-ADL, FADI-Sport, and FADI-Total, as well
as the mDPA-PSC and mDPA-Total demonstrated slower lower
extremity VMRT. While this relationship was present in both limbs, it
was stronger for the injured limb. Our results pertaining to the PSWQ,
FABQ, and TSK-11, did not support our hypothesis, as there were no
statistically significant relationships between these PROs and lower
extremity VMRT in either limb.
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Synthesis of Results and Future Research Implications
Several conclusions and implications for future research can be made based on the
results of these studies.
1. To examine injury-related fear, researchers and clinicians should utilize both the
FABQ and the TSK as these instruments assess different injury-related fear
constructs. While PROs can be used to objectively assess one’s psychological
health, it is imperative to reiterate to the participant to answer within the context of
their ankle injury. While these PROs can be used to identify concerns with mental
health, these impairments should be addressed by clinicians during rehabilitation.
Given the heterogeneity of mechanical, sensorimotor, and psychological
impairments in those with history of LAS, future research is needed to determine
the most effective holistic, patient-centered treatment within this injury population.
2. Our findings demonstrate a significant relationship between contralateral
SMN-FC and COPV in both the AP and ML direction in the non-injured, but
not the injured, limb of older adults with history of LAS. These findings
suggest altered signal fidelity, or aberrant neurologic communication, at some
point along the afferent pathway for both limbs. Previous literature has
demonstrated that motor cortex alterations are present in both the injured and
non-injured limbs following ankle joint injury. [1] Existing literature, in
addition to these current findings, suggests that some type of SMN
reorganization occurs following injury, but the underlying mechanisms remain
unknown. Altered SMN connectivity could be the cause or the result of
musculoskeletal injury, inviting future researchers to investigate this query
more deeply. Our findings provide insight into the existence of different levels
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of connectivity within SMN nodes that govern injured and non-injured limbs.
This provides preliminary evidence for future studies to determine if LAS
leads to maladaptive neuroplastic changes in the CNS, specifically relating to
alterations in SMN-FC that may have a negative impact on postural control.
Additionally, future research should aim to unearth the mechanisms
explaining these relationships and track longitudinal changes in postural
control and SMN-FC to enhance our understanding of mechanisms that
contribute to age- and injury-related declines in postural control.
3. While differences in percent change in mean HRV were not identified in
individuals with history of LAS when compared to uninjured-matched
controls, significant differences in self-reported outcomes pertaining to injuryrelated fear and other constructs of emotion regulation were present.
Assessment of HRV in this population is a novel approach, which we believe
has the potential to elucidate the connection between objective, physical
outcomes and subjective reporting provided by the patient. Future
investigators should explore modalities designed to measure HRV in the
musculoskeletal-injury population. Further, they should ensure they are
collecting adequate pre-intervention data (2-4 weeks prior) to establish a more
patient-specific baseline prior to experimental testing.
4. We identified that young adult females with history of LAS, who are
otherwise physically active, demonstrate a relationship between self-reported
constructs of HRQOL and lower extremity VMRT. Future researchers should
conduct prospective, cohort studies to assess any cause-and-effect
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relationships between self-reported HRQOL constructs and lower extremity
VMRT in those with history of LAS. Further, as VMRT is a modifiable injury
risk factor, future studies should examine the effectiveness of interventions
designed to improve lower extremity VMRT in those with history of LAS and
how they may impact patients’ self-reported HRQOL.
Conclusions
This dissertation examined the neurophysiological and psychological
characteristics of individuals with history of LAS. Previous research has demonstrated
that in addition to physical impairments, individuals with history of LAS self-report
psychological impairments that impact their health-related quality of life (HRQL).[2, 3]
This is important to consider as decreased HRQL may be further exacerbated by one’s
fear of reinjury as well as their decreased participation in physical activity.[4] Our results
revealed that when utilizing PROs to assess psychological impairments, individuals with
> 1 LAS have increased levels of injury-related fear and decreased psychological health
compared to uninjured controls. Additionally, individuals who have sustained a single
LAS can report increased levels of injury-related fear and decreased psychological health
compared to uninjured controls, but their results are more variable. Furthermore, it has
been suggested that individuals who develop fear-avoidance beliefs may also be more
susceptible to lower global and regional PRO scores, poorer functional outcomes, and
decreased physical activity levels as compared to those who do not develop fearavoidance beliefs.[5-8] Our results revealed that individuals with history of LAS scored
more poorly, rating themselves as having ‘greater dysfunction’, on the FADI-ADL and
FADI-Sport, as well as the mDPA-PSC and mDPA-Total.
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In addition to the association between LAS history and self-reported dysfunction
and injury-related fear, we examined neurophysiological characteristics of those with
history of LAS. The presence of psychological impairments not only impact HRQL, but
also neurocognitive processing and performance. [9] Deficits in neurocognitive function
have been observed in those with history of LAS. [10] However, it is currently unknown
how deficits in neurocognitive performance, specifically VMRT, impact athletic
performance and subjective outcomes in individuals with history of LAS. Our results
demonstrated that individuals with history of LAS who scored themselves as having
‘greater dysfunction’, demonstrated slower lower extremity VMRT. While this
relationship was present in both limbs, it was stronger for the injured limb. We suspect
the uninjured limb demonstrated significant findings because while the uninjured limb
was functioning as the ‘test limb’, assessed via its’ ability to deactivate the light sensors
as quickly as possible, the injured limb was required to maintain single-limb balance
throughout the duration of both the practice and test trials. Our findings were not unusual,
as previous literature examining postural control following acute LAS found that postural
control deficits were present in both the injured and uninjured limbs of participants. [11]
This bilaterally present postural control impairment may be attributed to central changes
associated with musculoskeletal injury history, again alluding to the notion that some
type of central reorganization occurs following injury, but the underlying mechanisms
remain unknown.
Additionally, individuals with history of LAS exhibit neuroplastic alterations in
their SMN-FC. Specifically, our findings demonstrate a significant relationship between
contralateral SMN-FC and COPV in both the AP and ML direction in the non-injured,
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but not the injured, limb of older adults with history of LAS. While our results were
somewhat unexpected, these findings suggest altered neurologic communication, at some
point along the afferent pathway, impacting both limbs. These results pose the question
of whether LAS history leads to central alterations that may negatively impact one’s
postural control, contributing to future injury or re-injury, or if preexisting altered SMN
connectivity could be a cause of initial musculoskeletal injury. The underlying
mechanisms remain unknown, guiding future researchers to further investigate SMN-FC
in uninjured controls and following them longitudinally in the event they sustain a
musculoskeletal injury to compare pre- and post-injury connectivity during a functional
task, such as assessment of postural control.
In conjunction to SMN-FC findings, we attempted to explore the use of HRV to
evaluate neurophysiological changes secondary to musculoskeletal injury. HRV is a noninvasive means that may serve as a surrogate indicator of function of brain regulatory
systems[12], in which a higher HRV (or greater variability between heart beats) usually
means that the body has a strong ability to tolerate stress or is strongly recovering from
prior accumulated stress. [12, 13] Emerging literature indicates HRV may serve as a proxy
for central nervous system function to better understand stress and health as constructs of
emotion regulation and HRV are associated via shared brain regions [14]. While our
results were unable to identify changes in percent mean HRV between those with history
of LAS and uninjured controls, there are a myriad of potential reasons.
Assessment of HRV in the LAS population is a novel approach, which we believe
has the potential to elucidate the connection between objective, physical outcomes and
subjective reporting provided by the patient. While HRV did not provide the utility we
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expected in our data, this may have been due to the cross-sectional design of our study.
We did not examine HRV changes over time within each group and pre-injury HRV was
unknown. Individuals in the history of LAS group potentially could have had a higher
HRV prior to sustaining their index injury compared to the uninjured control group.
Future studies should collect two to four weeks’ worth of baseline HRV data prior to
introducing an experimental condition to establish each participants’ “normal” baseline.
[15]

Additionally, participants from both groups may have experienced increased

sympathetic nervous system activation because of testing anxiety and from being fitted
with ECG testing equipment. Finally, all participants were otherwise healthy, physically
active females, so results may not be generalizable across all LAS patients. Furthermore,
future studies conducted with female participants should control for HRV changes and
consequences associated with menstrual cycle phases, as specific phase cycles can impact
HRV outcomes.[16]
In addition to the specific limitations outlined per individual study, we must be
cognizant and reflect on some of the overarching limitations throughout this dissertation.
Most importantly, the cohesion of this project, specifically regarding patient populations
across chapters, was overall limited by COVID-19. We chose to utilize individuals with
history of LAS versus those with a clinical diagnosis of CAI out of necessity and
convenience to successfully recruit and test participants along a feasible timeline. We
understand that the heterogeneity of participants’ ankle injury history introduces some
variability that may influence our results. Overall, it is unknown how the PRO items we
have quantified pertaining to fear avoidance beliefs interact with the single LAS (i.e.,
Coper) population. Specifically, the rationale for why this population reports less fear
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avoidance beliefs compared to the > 1 LAS group remains unclear. We can hypothesize
that these single LAS individuals either subjectively report that they are not afraid, yet
actively avoid potentially injurious activities, or they truly are not afraid and continue to
expose themselves to potentially injurious events/activities and have yet to sustain reinjury or a second injury. Future research should make additional comparisons with the
Coper population, attempting to discern what characteristics constitute an individual
being characterized as a Coper versus someone who sustains future re-injury.
In addition to variability across injury history, we have variability across age
groups. Older adults with history of LAS were utilized in Chapter 3 out of necessity, as
we already had this data collected prior to the campus shutdown. While we were unable
to be on campus or conduct human research due to COVID-19 restrictions, we were able
to process, analyze, and report this previously collected data. We understand that the
variability across age groups throughout chapters introduces a challenge when attempting
to apply our findings consistently across populations.
We believe characterizing both psychological and neurophysiological
impairments may allow for the development of more appropriate intervention strategies
that may better mitigate patient-specific impairments in those with history of LAS. In
summary, patients with history of LAS demonstrate both psychological and
neurophysiological impairments. By developing appropriate intervention strategies to
address these patient-specific modifiable impairments, we may be better equipped to
address contributors to sustained ankle injury and re-injury and aid the patients in
subjectively reporting improved HRQL.
Copyright © Katherine Ann Bain 2021
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